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Al Regulatory Framework in Telecommunications Under
the NBTC’s supervision
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Abstract

Artificial Intelligence (Al) is increasingly becoming a tool that plays a significant role
across multiple sectors worldwide, including mass media, telecommunications, and national
security. In particular, the integration of Al into military and defense systems is rapidly reshaping
the landscape of modern warfare, raising concerns regarding appropriate use, governance,
and potential risks. Despite these concerns, Al also presents substantial opportunities to drive
economic growth and enhance quality of life, especially in developing economies such as
Thailand. As Al has the potential to enhance human capabilities and resolve complex social
challenges, Thailand has articulated a national vision to become an Al-driven economy by 2027.
However, the rapid development and deployment of Al technologies also introduce critical
challenges related to ethics, transparency, accountability, data privacy, and cybersecurity.
These risks cover a wide range of issues, including violations of data privacy, algorithmic bias,
misuse of Al systems, and adverse impacts on human rights. Thus, it is a challenge for industry
stakeholders to design effective governance and regulatory frameworks that balance innovation
with responsibility as delayed regulatory responses may amplify these risks and undermine
the positive potential of Al.

Keywords: Artificial Intelligence (Al), Telecommunications, Regulation, National Security
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7.1.3 Myassluea Al
minglsiuinisinsauuiauidendiozaing
luiaa Al 1ae AIsAUAUNNTEUIUNISaTely
uwiaztunou ielildauldogadiuseaniam
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Development of Prediction Model for Hovering Endurance
of Heavy-lifting, Multirotor Drone using General Specifications
of Propulsion and Battery Systems

Pimchanok Pakdeekong' and Thanan Yomchinda®™

Abstract

Hovering endurance is one of the critical performance parameters for multirotor unmanned
aerial vehicles (UAVs) in remote sensing and delivering applications. This study aims to obtain a
generic model for hovering endurance prediction by using general specifications of commercial
propeller, brushless direct current (BLDC) motor, and battery for heavy lifting drones (weighing over
25 kg.). The characteristics of propeller, motor, and battery sub-systems that govern the hovering
endurance are analyzed using experimental data published in commercial websites and simplified
for the prediction model. The proposed model predicts the hovering endurance by estimating the
required electric current of the propulsion system and estimating the time duration that the battery
can provide that required current. The prediction of electric current required from propulsion
systems achieved the root mean square error of 8.59% and showed a prediction error of less than
5% on 43.5% of the available data points, and less than 10% on 81.9% of the data. A framework
for hovering endurance prediction of heavy lifting drone is presented and applicable for platform

selection, configuration optimization, and mission planning.

Keywords: Hovering Performance, Prediction Model, Heavy-lifting Drone, Multirotor
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1. uni
omagulSaudunuuranslusin (Multi-rotor
Unmanned Aerial Vehicles) L‘fJummﬂEJ’mTJﬂquu
(Rotary Wing Aircraft) wunaidniilésuaanudeslunis
Tdnuegruwnsvanglutagtu ngawiuluanuEsuie
Tunsl¥au Fanuanunsalunistuasuuais (Vertical
Take-off and Landing, VTOL) uagnsufuldeugunsal
Andalfagraoundszasd vinligniludsegndld
Tunareanu Tudsymalnalafinnsldauenideiu
Saudunvurarsluinluauniediunisaisan
N9 INA N15A1519538¢ 1N waznISINYRS
a1nagulEaudunuunatsluialaeiiall
TWuowmesluinduadessudlunisduluiaiieade
uwssenifienisassd warlduummeifuuvdmdanu
Tildnsussuuduindounasszuulnigy
vwenAey sreznattunistudutediiadiddy
Tunnsldeuenesldaudusuunansluie esen
ssuuluiaiidedniaauuszansninlunisasnaussen
wazAuTuudedldndeulunisadieussen
ot ssaidloniiefnuinugslunisdu Snvieuiuna
wisuivssgldlununnedgndrfadasinin
YOUUMABIAIE LazorniAudndudesuundu
Ymtinsauvesnunmeinasnnafiviinisdy vilian
HuTnsrianeiussosnannisiuiu
Fagrian1ad1uszeziiainisouidu
AnuThmedmsuiianUssyndldennimelaudu
wuunangludia lunisfiansundenssuuluie seuu
UOLADS WATITTUURUAMESTIMLNvaud S udunIse
usINN (Payload) uazldamuaiunsanianisiu
fiiganaden1sujiAnisia wazdudvunendn
Tun1sideuagiaunszuuang 9 Tueiniaeiulinudu
wuuvanelusitaluilagiu wielszuuiiusyavsnimgstiu
wazdwaliissznannsdudfisanndusg
A15IUI8TAAINEINIsatun1sTUT e
onagU tnedrulngiinagldnisiasziainnisley
wasulun1stu [1] syeznanlun1sduvesernieu
Aahiudemaenavungldaindadrunisimin
YpadenduarainiAey SaufusnsInsIddemnas

Tun1s0u AuuanniIsues Breguet Feviungszazian
A150u (Endurance) 9848101A8U 910 AIAIINEU
WanuBInaIdwzAaustu (Thrust-specific fuel
. ) 44' = sa o &

consumption, Cr) kssulsuINLATDIUATISLTY
Tun1sfuerniaeudmtn W (mse T(W)) wiin
% N K5 o & a
feduvpIenAguiudmingowmas (Wp) uas
UmtnanvineveseiniAe unaldidoindanunuds
(Wr) anuannns

Wf 1

t=- Wo cr T(W)

aw (1)

drusrezinarlunisduveseiniaeuilld
wummesJunnamdsnuiissedaievazyhnisdu
mﬁw‘hmamnﬂ%mmwé’wmiﬂﬂwﬁLﬁU@gﬂJ’LuLLummaé
(Qp) wazsnsnnisldndinulniinesnannuumnes
(Pdischarge) 1\7:{

Qp
Pdischarge

= 2

dmivoniseuliautuwuunangluin dns
nslimdanuliihainuusimeddiulvgazgnidasy
Tuifumduedossudlasszuvuamosluiiinssuanss
wuulZuUsesnu (Brushless DC motor, BLDC) 9 ntiu
Adeanuawmesinirlusvvesuseda (Torque)
warANSITOUTRLNAIAIEY (RPM) %gmﬂ?ﬁlaulﬂ
WHuusaduiadeu (Rotor Thrust) #eszuvluia
Fedmanslindanuludiuiaziuagfuihuiing
yasonAukazanvauzlunsiinisiu dnsinisly
wiaulaiiainuunineIdndiunieazgnld
Tngszuugesdu vueInImeIu (919 szUUAIUAN
30y svuudeans \Wus) Salinslindanuitlituegitu
dthenmeey deumnsmsuviesansarune
gnsin1sldndeauniednsinisgaidendeny
luszuugaenne 9 Azawsariunednaauaiunse
neduszezsattunisiuveseiniastuliaudu
wuunaneluiale unanuiitiaueuuamanisine
WaEALATITNTAAINAINITOAIUTTELIAINITTUVDS
a1meeulsauduwuurangluinaindeyanmudnune
LU (General Specifications) wasszuulusin szuu
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Tngmsiamuuuitasswhludmiviuneandnvue
wnign1susransanaesszuuluie sruuneines
LLassz‘UULLUmLma%‘mﬂwqwﬁﬁugmimﬁu%aa&a
nsnedou Weldvuredanauaiuisalunisdu
asuflaagiudl (Hover) dm3vsinireiuliaudu
wuuvangluiafitvhaindutusnnni 25 Alansa

2. LL‘L!'J‘Vl']Qﬂ'ﬁﬂi%&ﬂm5383L1371Uﬂqiﬁu
miﬂsxmmwzLaaﬂumiﬁuaaaﬁqagﬁuﬁ
yps01n e ulEaudunuunanslusian e1adadyain
Adsufiszuuluingeanislunisadreussenvafiu
Prntinuede1n1Aey 91ntusafiansan i gl
fiszuvnowmasioinislunisadetdenudmiuluie
wESsRansanndsnulrihessssuuiunmesiianansa
Felgdmiumaalnihfissuunewmesdesnis ds019
fasanlugUvesusedvsnm (1) vesszuugesla

n _ Piw)
propeller Prmotor (3)
n _ Pmotor
tor = ————
motor Pdischarge (4)
n _ Pdischarge
battery b/t (5)

2.1 szuulutin (Rotor System)
szuvluadimsueinidenuliaudunuy
wanslusin Tnevaluagldluiaifiyuluia (blade
pitch angle) Asil LLazﬁﬂiﬁz?gULLuuiuﬁ’mﬁm (Single
rotor) sewuuluting (Coaxial rotor) dmiuszuy
Tuaiien (Single rotor system) mMasnulugaund
(Ideal power) fisvuuluRndesnislunisadisusedy
(T) arwrsadszuralalaneldnguiluiuudy
(Momentum Theory) &slfaruduiussenitause
Fuanluiafunisinaveserniafifianunuiwiy

p thununluin A, luwwasaainte

T =2pA, (V. + v)v (6)

Tag V. o Anwsiveseinirlagsauniy
wwawnuvyuvesluin waz v fs AuEivetenia
A a X o o o .
ALALINA5E519U9T Ul UNA (Induced velocity)
Masulugauailunisaiaussduredduin awisa

Uszanallsanmdanuiluiadiadlitueinia (inducted

power) l9fsaNnIg

ey BT
Pi—T<2+ 4+2pAr> (7)

wisduuazidsnuvesluinetaliuvlvey

Tuguvesdudszansnisduuss (Thrust coefficient)
wavdudszananedumdsanu Power coefficient)
LﬁaamamwumnwmLLazmmﬁﬂuﬂﬁmumm
Tusinlalee

Cr = T/pA,(QR,)?,Cp = P/pA,(QR,)® (®)

Tog Q fe anuSisevvadluiin way R, fe Seilvas
Tudin
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1 T3
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TNpropetler KiPi+Py  Tw 2pAr ©)
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2.2 szuvnanasnin (Electric Motor System)
gawmasiininszsuansswuuliuusaanu 1 Ju
gunsailddsumdsiidumdsaulunsmyuluia

3 3
o o

dusvorniagruliaudunuunansluie esann

a

faAunnunsEinsa Useansninas warensidu

9 Y
Mastuseumiing [2, 3] Ineviluasdsznaulue
2 X4 s u v u L a
FuaruaesTuauAnnuUAIEnaUgnUU (Bearing) Ao
\ = o 2 a O oo’ \
drufinguld (Rotor) FeRAndwaiindnands wavdiu
Meoglla (Stator) FeAadsvaaInmdeIdrfiaruisn
aSaunuuimanluihtulddiefinnstenssualuih
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Tovaumuimdnlnihiiadaauilasinldfnusansesh
soutiwdnanasuasvirlidiu Rotor LARNIIMLY uaz
Tuvazifeatunisnyuveswdindnarisiviliiia
anuussaulddoundu (Back EMF) Tuvnain
Wilehde nsvuresomesiiinszuanse
LLUU1§LLUﬁqd7uaﬂm750Qﬂ@%mﬂlﬁmﬁulﬁﬁmmﬁ
fiusznouslefadiuniy duufieatn waviadas
Audislwihiidefuuuueynsy faums

a . .
Lmzl+le+KﬂV=Vm (10)

108 L, R,y Ao Aranuwileawazainudiuniy
Yosunaan i fe nsvuabilihiilualuveain Ky fe
ArduUszansaus (Speed constant, KV rating)
vosuowasliil waz V, o usesiulnihiidielimu
nanwiieah

wsefinszvhuudundnansesdsundas
Tupuanuduresauuudndnlniihiiaananain
wiloah FduussOafiveinadatiald enaUszunm
Andudndrusunszualiirluvaarnmiern
pruAduUszansuseln (Torque constant, K;) v09
sowmaslviiin Asaunng

T =Kl (11)

wazauslunIsnyureunadsiidves
votnosenvesureladisauniIsnisiAfouiiigayy
g

a
dat

J

W+ Dyw =Ty — T — Typgs (12)

e J e luudauidesvesdu Rotor vosuowmes
D, @9 arduuszansusaduaniu (Viscous damping
coefficient) T o us98naN load Uag Tjpss AD WS
mnmsqzytﬁaﬁwé’muﬁ'u 9 aeluveipes (919
windage loss Wag iron loss)

UsAnSn e’ AodnaIuranaeny
ﬁuaLma%dqaanmlugﬂmaﬁmasmwﬁasamwm
deindariardslniiignlilaueines SeoglugUusedu
Iuagnszualidia

_Tw
Nmotor Vim

i (13)

=] a a s a
wiaUszdnsninvesuaineseraniarsanluzlves
wsesuluiin (1,) waznszualuda () fudrluldla

asnmsgaydsniely) ladeaunis

_ Vm—Rmi)(i-io)
Nmotor = Vi
m

(14)

Ty iy fe nszualwihfivowmesldvnsildd load
war Ky =1/(i—1i); Ky =@ /(Vy — Rpi)
ey KKy =1
AUsEANEAmvenewmesUAsuwadluaiy
4N172N159119U g"d'ﬁ 1 hansfIee19Useansnin
vpenanesvinsianseliuusanu

Output torque/N.m

Motor speed/rpm

gﬂﬁ 1 fhagrausransnmvesuamesiiiinnssuanse
1Sudsannu [4]

n13AIUANAIIUIEITBUTEINBLABS LN
nszuansauuliLusaaiudeInisnsitenseualudi
lUdivnaInet199nAoan1udaIniIen1snyuYed
wimdnansiiteaieusadalunismyuegisdoiiios
gunsalmuANAINISI Electronic Speed Control (ESC)
Wugunsaliiléidendefuneimoslufinszuansa
wuvlfuussdiutiiendrvquaiiuiiiveansines
AUFYYIUATUAN HIUNITARUNITTIEUTIAULNTN
Tuwaaauimanlalin n1spavauauEITeuUNIY
gunsal ESC onaasluzunmsauauussiulng (V,6)
Aglvifunened wagaruiiisourewalnoiamnse
Usranaudosiuld

w =Ky V)6 (15)
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lng Vy, fausssulnihaneliiiugunsal ESC uay § o

o

AdspuanANEITOU (0-1)

UsxAnBnmwesgUnsal ESC enaiusgiunans
a8y 07 Adsnugy usadaan load vesaines
wsaduliliihisnelffugunsal ESC uaz switching
frequency vesgUnsal ESC FahliiAnaududon
Tunisadrsuuudiassuazdndudedddoyadedn
INKHER

gnsnsgaydendseiunislugunsal ESC
919UsEINAlAINANNAIUNIUNIETY (Rgge) NS
filvasiny uazusssulaii (5] auaunis

Pgscioss = Resci? + AgVpi + BgVy + CeVy (16)

lny Ag, Bg, fio duussdnsnisgyidendeauain
switching loss waz Cp feduussaninisgayde
wduIndaiuuszquas switching frequency
FadudeyadednvesndnfusifiguanliUaine
oy

UsgdnSninvesgunsal ESC 91aUsEu N
atadreldlaenisussuman switching loss 1Hu
dnduiundnuiiguna £SC dddifunawmaslnih (6]
RGHGRb

(Vb—REsci—PTF(1—5)) _ Vim
Nesc = =

Vp v (17

Ine PTF @9 path throttle factor Feuszanae
switching loss L Uuaun1sidaLdu

2.3 STUULUALADS (Battery System)
wummosTiufiteldnutueiniaeuliaudu
wuuvangluie Ao wummeskuy Lithium-ion (Li-ion,
LIB) uazusaaskuu Lithium Polymer (LiPo) flosn
figasnsdnendsnuldge Svuiadn dussdnsaings
waziidnsidrunsiiuinndsnulniisedwinia
WwadKUMLABIWUY LIB uay LiPo Tneviluudazivad
flusasiulnliiiszy (Nominal voltage) 3.6-3.7 Taawi
deuszqlwiifuasdiusadulaii 4.2 Taavi uaziiled
n15ld91u (Discharge) wssdulniinazanaades q
quilsgnAuganisliann (Cutoff voltage) fiuszaa
2.5-3.0 Taavt uarlutefiuummesindvuniiusasuliii

= ' < a o '
wiAN17aAA9881952A157 JUN 2 wanediedig
AN USSERIqusesuldnuazAluaInnge
Tumsaewasnulniwesiunne3 (Discharge curve)
LATNANTENUABANAINTAlUANSI1ena a1 luldn
YBULUMABIANTTAUNTINENTeLa LN Aunnsnaiu
(Rated capacity effect) FauandlilAuinusunaumndsnu
a v Aa A '
AarursaldlaannuunmesiAianadiieiinising

v A

nszudlniluszduigeuy

Cpom = 2.250Ah  Weight =0.045 Kg
Vnnmlnal= 3.6V vm°ﬁ= 2.5V

45 t +

40 ~—] 2.00 (
\t\\w\
as i —

1.01t 2150mA) 10.21t (430mA)

Voltage (V)

—
F—
— —

[
&5 T TD\

. \ll

0 200 400 @00 @00 1000 1200 1400 1600 1800 2000 2200 MO0 2600

Discharge Capacity (mAH)

3UN 2 fegnanuduiusseritsussiulng
wazANNEnsalunsIendsulninvesuusnmes
LAZNANSENURDANUALNTO NS IeNEaI Ui

LUALADINTEAUNSINENTEa A wnn@neiy [7]

n9ues Peukert 1Wundnnisfifienlunisly
Uszurunisanuatuisalunisatendsnuliiives
LURLABSYS UL ANTILURAWBSaNINTaNensewa Nl

(t) dwsuszaunisanenszualni () dsaunis

Q, =ikt (18)

Tng Qp Ao Usuaauglwiiivumme3aiuise
Frenszualiiimdendlddodos dvthedu weud-
a3 (Peukert Capacity) wae k > 1 flo Arduuszans
984 Peukert (@ wsu LIB, k~0.99 — 1.09 [8]) uaz
Usinuarnugliiivusneianunsndienszualuii
wwa i Iieeifies anunsawldanaunis

k-1
QGu=it=0,i""=0,(%) 9

Ine H fo rated discharge time luvthadalus uag
Qp fo rated capacity dmsu H
sruULUmRasaniuaniaeiuliauduLuy

pangluinenausenavlualgwaduuninessiuIu
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vangwadiioifinussduluiiuazanugeuunne’
State-of-charge (SOC) ¥BdLUALAB AD ANTULYDA
Uszglwihnelunumned lag SOC=1 Weuunned
finnsUszqluiiawdy wag SOC=0 iilouumne?
Issrenseudlniioonluaunun Tnsnsldsundasmes
SOC 91aUszanalaINauns

S0C(t;) = SOC(ty) — i At/Qn  (20)

Usy ﬁw SnmvedLuamed e1ausEIalliann
Aagluig @zyL dvainanudiununisluuunine’
(Rp) g1

Nbattery = 1- in/Vb (21)

uazilosanussulnihveswunmeddinmsuasunlasly
auanuzveUsEylnihnelununmes uwssdulni
11 Discharge curve [9] o1ausvanadlansannig

Vo =Vy— + Ape Belidt iR, (22)

Ko ot f dt

e K,y fie endudszans Polarization 78uunne’ uay
watl Ape~BpJ 14t yanamsAsuntamosusaiuluih
Tugreiifinuduiusuuuiondlnuudea fauds
Tuaun1st1eau enauszuruAlAINANaNITNAEBY
Discharge curve YoIUUAABIIEaTN [10, 11]

Ap = Vo rut — Viexp (23)
B, = 2-3/Qexp (24)
K, = 0.065 * [Vb,full — Vb nom
-Bp Q _ Qfull=Cnom
+Ab(e b Onom 1)] —Q (25)
R, — Vb,nom(l_nbattery) (26)
b 0.2Qnom
Vo =V puu + Kp — 4p 7

2.4 myviunedanuanusalunsdusgiuil (Hover
performance prediction)
n1sviuedaaiuaiusatunistuegiu
fanunsodaduldaintiminuedlasunarsiuiu
ﬂ;miuﬁmﬁam?@ ussOnuazausseuluonaussanam

ldarnusstusiuduaudnvuzianizvasluia
uazlaevhluudyaluiianazueimesinihwesennmeiu
BBauduuvunangluinaglafinsléifioma anusa
39UvBINBLABSRafldA i FuANussuveslue
(w = Q) FefulSuunseuaiuemaslniindesnis
913UszInaAlAanusslnnazanusisauvesluiie
wsadulniiannuuaAel wazAmANYMEIaNIZ Y
wawesluiuazaunsal ESC LAZNIINTUUALADS
fn1sdrewdsulai Augunszualail) Jium
wé’amul%lﬂmazLLﬁnﬁu”LWﬁwﬁmﬁaaeg 21aUsvanauAle
anvurnvesnszaaliiiuazsseznaidiiinisene
nsvudlwiihiufisananuunines WATAMANYELIANE
YouUALE3 Fan1siusssulnivesuunneIanasi
svdanaliszuuneinaddesnisnsrualuiinfiniy
Boy q iethvusidauazarusiseuredluialivingy
qunsztmumneilivdendenuliindiannsosele
(S0C=0) Wiollawnsosesaunseualnihiideansle
(i > imgy) Fetuszoznanilasuanansaduassis
agfuiilaTeuszunalinnnarududuunne’
findsuiiaunseiodnunan Jsainaun1sinedy
mﬂﬁﬁi’f@;ﬁaﬁLﬁmwaﬁ%mmial%miﬂ"mam
Wevszanauszeznailunisiuaesfivesernideiy

ISauduwuuvangluiinld muduneulugun 3

Y
Joyalasu

T

syuuluiin

lr, W

SYUUNBLADS

T Tn

a

FLUULUALIDT [

A
W +2=7 doisawnxeN

1J 3 SunpuNsUsTINsTasnanlun1sDuaoen

5

o] UiwesoneenulEruduiuunatuluie
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3. Mmynsgiszuulasuniluiewnann
nnsdsateyanniuledvesdiadimiie
pan1ag1uliaudulnuyuuuunaieluwnild
wotmeslufnszuansauuliuyssau TWuuane’
Duundedanuier wasiihmindous 25 Alansu
Fuly nuirdinnsvendeyanudnuugiaeialy do
dwiihsauvesermagiy (W) Swadluiin (n) vun
wazyuvesluin (Rr, Og7s) Arduuszaniainuia
voweoines (Ky) viauavsiuiumaduunines
wssiuliirfisey (S, Vimom) Avwaninsolunisdine
nagwaliiln (imax) A0l (Qp) wazU3uing
wazminvesuumaes Toyamaiiansalfidutoya
\esduiisdulunisviuedaauanunsalunisdu
aeu1v0991MAY wazlaeiiliudaguanlasy
wugilsifinisdiseaniuquuataesly 15%-20%
vauzassoaiiionnnudasnfolunisdutazinweny
nslfruveauunned
dmsuluiafithnsmmheluiesan Tneluud
arlidoyanugrufovuiniduiiugudnans
vasluin wazeAmuvasluia (Geometric pitch, GP)
dulvdvesduanoraifimiudeyaussdusiuiusey
nsvihauveslusinfiuushlild vionanismaasy
Tuilaraidaseusng 4 Ansa Geometric pitch vaslusia
finuduiusfuyuvesluiinfinindnuang (Cross

section) M15¥8y 75% Vo9UVUASAN [12] Aeauns

GP = 2m(0.75R,) tan 6 55 (21)

18 Bg.75 AD ngaﬂuﬁmﬁmﬂﬁmmwﬁisaz 75% 909
vuninil wagluinignesnuuudiniunistuaseis
sieeiiusyavBnwgeanil GP Ussana 1/3 wihweswunn
usugudnats (GP~2R,/3) [13]

drunawmasiiiinszuansuuuliulsdiuy
waggunsninuAuAIIEIfiiedmeluioman
Tneiald aglideyafiugrunisldarudesuin
usaduliifiuuzd eduuseavsaus (KV rating)
waznszualniigegaiigunsaisesiuld uazluunsi
Findmingenaiidoyaifinduisifunssualing
wawasldvnelid load wagauiumulnianely
R0

syuusUaaasdniueiniasiulsaudu
wuumangluiaiifinesmineluiiesnan Tnaviald
Tidoyafiugiulunisldsiuend divdn Usuns
auglnilusuusuianszualdiiidedalua
ANELnsatun1sIenseualnili (Discharge rating)
aj’wmul,%aa“lw%wmaluuu&mﬁulﬂﬂwﬁixq Nominal
voltage (38 Operating voltage) warnszudlviiiigean
Fanusoldauld Tneanuanunsalunisdienseualnii
1C uansmnuansalunisinendsauliifommn
Tunumnasisrenszualaiiauinasiilaluiian
wiledalus way 2C wanspruatnnsalunissne
wiaulwianadonssualwihauiansildlunan
p3edalue wasdfnanfissdiudosiliteyaiivaiu
anudrumuldfiiarelusunines vieusuiw
nszualwihdililunisseyanag i

dunsuszuuluianazsruvueinesinda
vpsorndeuliauduluuransluin nanisnageu
fnezveglusuyadeyainiannisivgluinuas
wawaslwihsiudsgunsal ESC waznaaaun1siey
Tuvnigdiegiuil (Static test) Tngn1sTarmdslui
Adrdgunsainuauauisey anusiseuluin
wazusatuiiluiaadne wazuensdenafinanisia
uwsednfimandefidvesuaimasiuiigae as1edi 1
wansiiegvyatayanisnadeusyuuluiinuazueines
Aawelneran
a59T 1 Faedremanisvadeuszuuluiavuig
41x13.5 § srufunewnedliia BLDC rating 95Kv
dmsuwunees 18 wad usslriihildvageu 70 Taa
Fgamafionna 25°C fisgdurimeia S1umu 23 gadeya
ﬁLTJmeamﬂQ’mam [14]

usedu | nszud | Adsluda | aanuisa fseansaw
[n3u,g]| [wond]| [Mad,wl | [RPM] | [g/WI]
8760 | 12.4 854.8 1956 10.2
9560 | 14.1 973.5 2044 9.8
10455 | 16.1 11134 | 2138 9.4
11420 | 184 | 12717 | 2235 9
12330 | 20.7 14273 | 2323 8.6
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M5l 1 Faedrsnanisvadeuszuuluiavuig
41x13.5 §1 sufunewmedliiin BLDC rating 95Kv
dufununnes 18 wad wssiulnihildnaaeu
70 Taavi figamgiiennia 25°C Aszfutngia

U 23 Yadeya MUANEIINGHER [14]

AnuklsUTIMgIn I deyanIImageuinusITeU

ANuRUTUTINTeNaAnlaINgUNTRlLAENTEUIUNIT
Y a ~ &

NAADUVDINNAA Uaztneldun1Tannuwlsusiu

mlaszilddeyanisaaeuiifiauiiseugand

35% 93AEITOUGERLUNIINIAFR UL

M1579% 2 Audnuzazvesgluiauaane iy
wrwdeyanimaaeuily

usedu | nszud | Aaelnd | arnuisa UseansSan
[nfu,gl| [woud]| AWl | [RPM] | [g/WI
13065 | 225 1557 2391 8.4
14300 | 25.8 1782.6 2499 8
15300 | 28.5 1972.1 2583 7.8
16420 | 31.7 2191.3 2673 7.5
17720 355 24555 2773 7.2
18730 | 38.6 2668.4 2848 7
19675 | 41.6 2874.3 2918 6.8
20785 | 45.2 3125.2 2998 6.7
22160 50 3451.4 3096 6.4
23030 | 53.1 3667.6 3158 6.3
23960 | 56.6 3908.4 3224 6.1
25400 | 62.3 4302.9 3327 5.9
26670 | 67.7 4675.6 3418 5.7
27045 | 69.4 4790.5 3444 5.6
28290 | 75.2 5189.7 3532 5.5

% PN = A oo

yadayanisnaaeuiildlunis@nwiilaann
nsiiusiusindeyanisnageugluinuazueines
Mawesiuledvesudnuaz{iadiving S1uau
22 ¢ Tussdulnifin 24-70 Taavi (85-18S) TMuIuYA
UoYaNIIMAFDUTIM 300 YATBYA IINVAUUNAINI

=~ o a I3 ' ' o v o
wisliausadinsizimAnatsuazdgeaniliidu
funuvessyansnmvesszuuluiauazueimasinii
dmsuenasulinudunuunaruluianddndmiieg
Tutaqtuls wazanansahlvldviunednsnisldndany

o s v )
yosszuvluianazuomesdu o lanely 151991 2
wansnuanwaurNIluvesdluiakazuaineslni
mhgadeyanisnageuanlilun1siasizit lnedoya
NINAdDUTBIUsAYE Usznaudiedoyanansvageu
U 5-25 IANIVAFRY (Yadeya) 3NN1TIATIER
wuindeyanisvageuluiniinausiseusildndou

Turia FILIGGH Tusia PGIGOH

[5’3)(51] Kv-rating [5’) xﬁq] Kv-rating

[RPM/V] [RPM/V]
22x6.6 300 36.2x11.8 110
24x7.2 300 40x13.1 100
27x8.8 150 40x13.1 80
28x9.2 150 40x10 80
30.4x10.9 100 41x13.5 95
32x10.5 95 43x14 85
32.2x10.5 85 43x14 95
34x14 110 48x17.5 60
34.7x11 110 56x20 60
36x19 100 56x20 45
36x12 110 63x24 45

Tudhuszuusunmoidmsuainaguliaudu
wuuvangluia 9 nnsdisiateyanngudnuazgin
Fwnde wudeyauansudRus Tz UTNUNEINY
'17'im%‘aazﬂi“memma?fuazLLinﬁ’ulWﬁwmLuumma% 739
HANISNAROUNITIIUNS 1 IUVDILUALADS LAAZUUY
Isfonnn tenansdieyaveauunines (Battery data sheet)
813z ydeyatayan1snaaaunIug (rated capacity)
Aren13dnenseualiinauin 0.2C muuInIgIu
International Electrotechnical Commission (IEC)
wazdeyamiudiuniuliiharglununine’ doya
LLu'ﬂﬁummé’mﬁuésw”jwﬂ‘%mmwé’amu'ﬁmﬁaaej
Tunumnoiuazusesulnirvewumneidmdu LIB
wag LiPo mawulﬁmﬂtjmémLLawﬁﬁ’mﬁmmmmmmaé
dvsududug a9 3 wansiiegresanuduiud
ﬁzm'waU%mmwéﬁmuﬁmﬁaaq”lmmmLmaéuammﬁu

Inlfhwesuumaeduuy LiPo Tagiily
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a o o & ' a o P '
M990 3 AnwdiusTEIsUSInamdsnuiiviest
Tuwuawesuazusasuladivaswusmmneswuu LiPo 1ag
Ml [15]

Capacity %9 1S | 25 | 35S | 4S | 55 | 6S
100 42| 84 | 126|168 21 | 252
95 4.15| 8.3 [12.45] 16.6 |20.75| 24.9
90 4.11] 8.22 (12.33]16.45120.56| 24.67
85 4.08] 8.16 [12.25]16.33(20.41|24.49
80 4.02| 8.05(12.07/16.09]20.11|24.14
75 398 | 7.97 [11.95]15.93]19.92| 23.9
70 3951 7.91(11.86]15.81)19.77(23.72
65 391 7.83|11.74115.66|19.57|23.48
60 3.87 | 7.7511.62| 15.5[19.37|23.25
55 3.85| 7.71[11.56]15.42|19.27|23.13
50 3.84 | 7.67 [11.51]15.34]19.18|23.01
45 3.82 | 7.63111.45]15.26[19.08]22.89
40 3.8 | 7.59|11.39115.18]18.98]|22.77
35 3.79 | 7.57 [11.36] 15.14| 18.93|22.72
30 377 | 7.53 | 11.3]115.06|18.83| 22.6
25 3.75| 7.49 111.24]14.99|18.73|22.48
20 3.73| 7.45111.18]14.91|18.63|22.36
15 371 7.41111.12]|14.83| 18.54|22.24
10 3.69| 7.37 |11.06]|14.75]18.44122.12

3.61| 7.22110.83]|14.43]18.04]| 21.65
0 3.27] 6.5519.82|13.09]16.37]| 19.64

3.1 Mydmsziszuuluiniisilufiosnann
n1siasgiteyanismaasuluiniiidivune
Tunrsmanudululdlunisviuisussdn (1) waz
AnuiEiseu (w) vesluinandeyaidosiu Ao wsdy
nluin wavvunauazauvedluin (Audn YNz
vaslutin) JUM 4 uansdUszansainveslufing
anusafivansluinsing q 9ngadeyanismaasy
Imaﬁwﬂw?ﬁm%mwﬁgqﬁqmﬁm FM,,,, = 0.789
ynguonawiudwuldunnuduiusseninassavsam
wazAuEWangluvesluiald uaziiuldiluinusag
wuuflenudseuiemeiliiuszavsamgean

09
0.8
0.7
0.6
0.5

M

0.4
03
02
0.1

0 50 100 150 200
tip speed [m/s]

sun 4 AUsEaNs A nvadluinnazAis)
magluiinvesusazyndoya

Ul 5 uansmuduiussenineduuszans
ussfuuagmdsudidesnisvadluiinaingadeya
WeuRuldusnedadruszanianil 70% 75%
wag 80% ANgUnuIdAINa19vesUsEAnsaIn
FMayerage = 0.723

0.0012

0.0011

0.001

0.0009

0.0008

cP

0.0007

0.0006

0.0005

0.0004
0.006 0.007 0.008 0.009 0.01 0.011

cT

SUM 5 AnuduiussEnInansasauss

U

o @ poyy) @
waziasnunldvasluin

v '

1NNTIATIERYRteYa nudndaduduius
seminavunyuveslusinduduuszansussdueg
Tuszdiugh (R? < 0.1) Gedoudnanaraindouluain
ANFNNUSN1IMgu] (Blade Element Theory)
biiulafednvasianziveduingnniseanuuy

wan13sEyvLIANLvasluNRANENER
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3.2n1531A51gRszuvnamaslWiInssuansy
wuuluusednuniiluviesnana
JUN 6 uansArUszdninimvesueainasinii
fdndiuauEITeuAeAUEITOUEIEANI NG B
nyAtayanIsnaaey laedlA1Uszansnnigegn
Wiy 0.9028 angUenaiiudewusliuanuduiug
senineUszdninnuazdndiunnuiiivewanesle
< v s A o o
wagiiulddtuatnesluifigranisviaund
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Abstract

The objective of this research is to examine the combat capabilities and industrial potentials
of rocket development projects in Southeast Asian countries, to assess their strategic impacts on
regional security and to provide recommendations for coping with the situation and developing our
capability. Using the "X and Y Axes" analytical framework, the study evaluates combat capabilities
across five factors: range, warhead, accuracy, mobility, and salvo capability, alongside industrial
capabilities through the "Ladder of Production" concept, which reflects the progression of defense
industries. The analysis categorizes rocket development projects into four scenarios: projects with
the highest strategic threats, underdeveloped projects, projects dependent on foreign technology,
and low-risk projects, while proposing appropriate response strategies for each case. The findings
indicate that some rocket development projects, such as the Indonesia’s missile project called R-Han
122 and the Singapore’s missile project called Blue Spear, significantly impact regional security and
industrial development. These projects demonstrate advanced domestic development capabilities
that could pose threats if international relations deteriorate. Meanwhile, projects reliant on foreign
technology or those that remain underdeveloped still exhibit strategic impacts, albeit with limited
self-reliance. The study highlights that Thailand should assess these projects beyond mere military
threat responses, emphasizing broader dimensions such as strategic alliances, joint development with
Indonesia, and technology transfers from Singapore and Israel to enhance economic and industrial
capacities. Advanced air defense systems and proactive measures, including cyber operations, may
also serve to balance regional power effectively. Thus, this research reframes rocket development
projects not only as military threats but also as opportunities to enhance Thailand’s economy,
industry, and regional influence. It underscores the importance of building alliances, reducing
international tensions, and implementing policies that address challenges comprehensively and
sustainably.

Keywords: Capability Benchmarking, Combat Capability, Defence Industry, Rocket Development
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Abstract

Climate change, largely driven by rising atmospheric carbon dioxide, presents urgent
global challenges. This study estimated aboveground biomass (AGB) and carbon stock of urban
trees using space technology Sentinel-2 satellite imagery from combined with field surveys.
Thirty 20 x 20 m plots were established for data collection, and vegetation indices with fractional
cover were derived from satellite data. Allometric equations were applied to estimate AGB and
carbon stock, while exponential regression examined the relationship between biomass and
vegetation indices. Results showed GNDVI as the most effective index. Field surveys indicated
4,650.75 tons of AGB and 2,185.85 tons of carbon, whereas satellite-based estimates yielded
2,798.23 tons and 1,315.17 tons, respectively. These findings demonstrate the benefits of
integrating space technology with field measurements for reliable assessment of urban biomass
and carbon storage. The approach provides useful insights for urban green space planning, natural

resource management, and strategies to mitigate climate change.
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1. Introduction

At present, climate change and the
increase in greenhouse gases have become
major global issues, receiving significant
attention worldwide [1]. One of the primary
factors contributing to ¢lobal warming
is the emission of carbon dioxide (CO2)
into the atmosphere [2]. These emissions originate
from various sources, including the combustion
of fossil fuels in industry, transportation, and
everyday energy consumption [3,4]. The rise in
global temperatures has caused drastic climate
changes, severely affecting biodiversity [5].
Many animal and plant species are facing habitat
alterations, with some potentially becoming
extinct due to their inability to adapt to rapid
changes [6]. Moreover, climate change has
degraded ecosystems, disrupting the natural
balance essential for the survival of all living
organisms [7]. In addition, rising temperatures
and unpredictable weather patterns negatively
affect agriculture. Previously productive
cultivation may suffer from unseasonal rainfall
or droughts, forcing farmers to adapt and seek
new, climate-resilient crops [8]. Furthermore,
global warming adversely impacts human health,
increasing the incidence of heat-related illnesses
and air pollution-related diseases [9]

Utilizing ecosystem services, such
as urban tree planting, offers an effective
means of climate change adaptation. Trees
not only sequester carbon but also mitigate
urban heat, enhance biodiversity, and improve
air and water quality [10]. Moreover, urban
trees contribute to creating a more livable
environment, reducing stress, and promoting
mental well-being among city residents [11].

Promoting urban tree planting is one potential

solution to climate change, and requires
systematic planning and management of
green spaces to maximize ecosystem service
benefits provided by trees [12]. Aboveground
biomass (AGB) is considered one of the most
effective carbon sinks, as plants absorb
atmospheric carbon dioxide and convert it into
organic carbon stored within their tissues [13].
Assessing AGB and carbon sequestration in various
areas enhances our understanding of the carbon
storage potential of vegetation and supports
the planning of sustainable natural resource
management [14]. Increasing AGB also plays a
role in reducing urban temperatures and creating
livable environments for communities [15].
Generally, the amount of carbon stored in
trees correlates directly with biomass, which
represents the total mass of all tree components,
including stem, branches, leaves, and roots
[16]. Therefore, anatomical characteristics
of trees—such as height, trunk diameter,
and canopy width—can be used to estimate
stored carbon using allometric equations,
which establish relationships between biomass
and tree structure [17].

Remote sensing powered by space
technology provides an efficient method
that reduces both labor and time needed
for field surveys. [18,19]. This technology can
be applied to assess biomass and carbon
sequestration [20]. It utilizes satellite imagery
and aerial photographs to analyze large areas
with precision and speed, enhancing the
efficiency and cost-effectiveness of surveys
[21]. Furthermore, remote sensing technology
can monitor long-term biomass changes and
allow accurate and timely evaluation of resource

management impacts and related policies.
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Therefore, the study of biomass and carbon
sequestration is not only academically important
but also practically significant. This study aims to
estimate the aboveground biomass and carbon
stock of urban forests using Sentinel-2 imagery
integrated with field measurements. The study
provides new insights into the role of vegetation
indices in urban biomass modeling and offers
policy-relevant implications for green space

planning and carbon credit assessment.

2. Materials and Methods
2.1 Study Area
The study area for this research on
urban tree carbon stock was selected to be

Mahasarakham University (Figure. 1).

[ Mucang Maha Sarakham District

Tree Crown Cover

) wsvace

Figure 1 Study area

Mahasarakham University located in Talat
Sub-district, Mueang Mahasarakham District,
Mahasarakham Province, at the coordinates
3164.71.52 E and 1791741.78 N. Mahasarakham
Province is characterized by generally flat to
gently undulating terrain, with elevations ranging
between 130 - 230 meters above sea level.

The climate is classified as Tropical Monsoon

Climate. During the summer monsoon season,
the province receives southwesterly monsoon
winds from the Indian Ocean. The climate
exhibits alternating wet and dry periods. The
annual average temperature is 27.4°C, with an
average minimum of 22.4°C and an average
maximum of 33.7°C. April is typically the hottest
and most humid month of the year.
2.2 Field data collection

Field data collection involved identifying
tree species and measuring the dimensions of
all trees with a diameter at breast height (DBH),
measured at 1.30 meters above the ground,
greater than 4.5 centimeters. Data were
collected from 30 sample plots, each measuring
20 x 20 meters. DBH was measured using a
diameter tape, and tree height (H) was
measured using a laser rangefinder. Tree growth
analysis focused on two primary parameters:
DBH and height (H), which provide essential
insights into various aspects of tree development.
Upon obtaining growth data, aboveground
biomass (AGB) was calculated using allometric
equations (Equation 1) [22], which convert
growth metrics into biomass estimates.
Following this, AGB values were utilized to
calculate carbon stock through Equation 2.
To assess carbon stock, we transformed the
AGB into carbon stock by applying the IPCC's
suggested default wood carbon factor of 0.47,
which signifies that 47% of the dry mass of all
above-ground tree parts is composed of [23].
The application of allometric equations and
carbon estimation is a critical process for
understanding the environmental contribution
of urban trees.
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D denotes the diameter at breast height
(cm), H the tree height (m), Ws the stem biomass
(t/ha), Ws the branch biomass (t/ha), and W. the
leaf biomass (t/ha)

C, =W, xFC 2)

(j denotes the carbon storage potential
of a tree (kg), Wi represents the aboveground
biomass (kg), and FC is the carbon fraction of
biomass, fixed at 0.47.

2.3 Satellite Data Analysis

Sentinel-2 imagery obtained on October
4, 2024, was employed in this study to compute
vegetation indices, namely the Normalized
Difference Vegetation Index (NDVI) [24] and the
Green Normalized Difference Vegetation Index
(GNDVI) [25], using the formulas in Equations 3
and 4. These indices were then used to derive
the Fractional Green Vegetation Cover (FC) as
defined in Equation 5 [26]. The use of vegetation
indices is particularly valuable in assessing
vegetation status, including tree density and

overall health of vegetated areas.

_ NIR—RED

NDVI =
NIR + RED

(3)

The widely recognized NDVI is a
straightforward yet powerful index for
measuring green vegetation. It compares
the scattering of green leaves in the Near

Infrared spectrum with the absorption of

chlorophyll in the red spectrum. The NDVI
values range from -1 to 1. Negative NDVI values
(approaching -1) are indicative of water
bodies. Values near zero (-0.1 to 0.1) typically
represent barren landscapes such as rock,
sand, or snow. Low positive values suggest
the presence of shrub and grassland
(approximately 0.2 to 0.4), while high values
signify temperate and tropical rainforests
(values nearing 1).
NIR — GREEN

GNDVI = —————~ @)
NIR + GREEN

The Green Normalized Difference
Vegetation Index (GNDVI) measures the greenness
and photosynthetic activity of plants. It is a
commonly utilized vegetation index for assessing
water and nitrogen absorption within the crop
canopy. The index values range from -1 to 1,
where values between -1 and 0 indicate the
presence of water or bare soil. This index is
primarily applied during the intermediate and

final stages of the crop growth cycle.

_ NDVI—NDVisoil
NDVIeg + NDVisoil

(5)

Fractional Green Vegetation Cover
(FC) serves as a crucial parameter in climate
modeling. Remote sensing technology has
emerged as one of the most efficient methods
for obtaining information on vegetation dynamics.
The model presumes that a given pixel is
composed of green vegetation and bare soil,
leading to the conclusion that the NDVI value is
a linear combination of NDVIveg and NDVIsoil.
Typically, NDVIveg is identified as the highest
NDVI [27], while NDVIsoil is derived from the
lowest NDVI observed in the scene (Yang et al,,
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2006). Numerous studies reference commonly
accepted NDVIsoil values of 0.05 or lower [28].
Nevertheless, images are often affected by noise,
which means that the maximum and minimum
NDVI values in an image may not accurately
represent NDVIveg and NDVIsoil.
2.4 Correlation Analysis

The relationship between Fractional
Green Vegetation Cover (FC) and AGB density
was examined through an exponential regression
model, which proves to be efficient in estimating
biomass using Sentinel-2 satellite data. The
standard equation format is presented in
Equations 6.

AGB = a x b°*"¢ (6)

The constants a and b are established
based on field data and vegetation indices.
The analysis indicated that biomass generally
increases exponentially as vegetation cover rises.

2.5 Statistical Validation Using Root Mean
Square Error (RMSE)

In order to present a succinct overview
of this study, the methodology is outlined in
a series of sequential steps as detailed below.
This research centers on the examination of
the Normalized Difference Vegetation Index
(NDVI) through the utilization of monthly data
obtained from Terra/MODIS satellite imagery.
The first step entails the computation of the raw
NDVI values as defined by Equation 1, followed
by multiplying the results by 0.0001 to obtain
more accurate values. After calculating the NDVI
values, the coordinates are transformed to the
WGS 1984 UTM Zone 47N system to ensure
precision in map location. Subsequently, the

study employs conditional sampling to select the
largest cultivated areas of four types of economic
crops: rice fields, fruit trees, perennial trees, and
field crops.

This sampling approach prioritizes large
areas to facilitate data analysis and efficiently
monitor changes in cultivated areas. The
sampling process is conducted for each district
in Nong Bua Lam Phu Province, ultimately
leading to the creation of graphs that display
the NDVI values derived from this analysis. The
accuracy of the biomass estimation model was
evaluated using Root Mean Square Error (RMSE)
(Equation 7), which quantifies the deviation
between predicted and observed values. RMSE is
calculated by taking the square root of the mean
of the squared differences between the model's
predicted values and actual field measurements.
A lower RMSE indicates higher model accuracy
and lower prediction error. In this case study,
where AGB was estimated using satellite-derived
vegetation indices, RMSE serves as an important
metric to assess model reliability and improve
its accuracy based on the available data.
Therefore, RMSE plays a vital role in validating
the model's predictive performance.

RMSE = \/1 i(AGBpred - ABGobs)~ (7
L=

AGBpred represents the estimated
biomass value derived from the vegetation
index, while refers to the biomass value obtained
from field data, with n indicating the number of

samples.
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3. Results and Discussions
3.1 Analysis of Tree Physical Characteristics
Field surveys were conducted from
October 4 to 5, 2024, during the late rainy
season, which provided optimal conditions for
efficient field data collection. Key measurements
recorded included diameter at breast height
(DBH) and tree height (H), along with the use
of Global Positioning System (GPS) to record
the location of each sample plot. The AGB
was calculated using allometric equations,

and the results are presented in Table 1. This

variation emphasizes the key role of large trees
in overall biomass accumulation and highlights
the structural diversity that must be considered
in urban forest assessments. Such heterogeneity
provides essential context for accurate biomass
estimation and carbon stock evaluation. In
particular, differences in canopy structure and
species composition can significantly influence
biomass distribution across plots. These factors
reinforce the need for site-specific approaches
when applying remote sensing or modeling

techniques to urban forest ecosystems.

Table 1 Aboveground biomass

7] & a
g g g ° o o
5 5 5 g -
i i i o o E o3
T > T X T ¥ 0 o 5 on {
S c c < v ¥ v v ¢
3 & > ¥ 3 e > = > S > 0
Mean o a o 8 S & 9 g 8 5 9 £
Plot Mean H ¥ < o i CIR: CR ®
DBH 3 & z £ 3 & = £ = w = @
$s 52 5% g 5 58 3
< 4 < < ¢ 5 9 % € 5 9
w £ [ « € € kel € Q
<) 9] o 5 S £
£ £ £ a a a
5 > 3
wv %] 1%}
01 21.23 7.23 235.08 1,156.81 49.72 1,441.61 1.44 36.04
02 21.69 5.43 1,079.90 3,949.66 179.64 5,209.20 5.21 130.23
03 22.36 8.23 271.52 1,338.01 57.49 1,667.02 1.67 41.68
04 19.78 794 310.43 1,501.53 64.73 1,876.69 1.88 46.92
05 38.48 12.00 1,439.85 5,754.56 256.95 7,451.36 7.45 186.28
06 35.65 10.67 476.37 2,043.86 90.01 2,610.25 2.61 65.26
07 37.40 14.13 1,104.23 4,421.06 197.34 5,722.63 572 143.07
08 28.46 10.60 489.38 2,206.36 96.29 2,792.02 2.79 69.80
09 67.48 21.75 2,032.66 7,474.00 339.53 9,846.19 9.85 246.15
10 65.49 17.50 2,023.25 7,208.00 329.69 9,560.95 9.56 239.02
11 58.09 19.50 2,958.65 11,109.71 502.45 14,570.81 14.57 364.27
12 31.19 10.14 600.32 2,424.50 108.04 3,132.86 3.13 78.32
13 7.79 5.74 48.15 271.45 11.43 331.03 0.33 8.28
14 22.18 8.89 456.61 1,939.73 85.59 2,481.94 248 62.05
15 35.57 10.25 870.19 3,120.51 142.53 4,133.22 4.13 103.33
16 30.74 13.00 1,181.44 5,036.95 222.10 6,440.48 6.44 161.01
17 14.26 7.21 291.33 1,356.14 58.86 1,706.33 1.71 42.66
18 29.33 10.43 1,116.56 4,031.71 183.87 5,332.14 533 133.30
19 27.25 12.13 2,817.58 9,878.23 453.44 13,149.25 13.15 328.73
20 28.03 10.50 905.27 3,824.41 168.93 4,898.61 4.90 122.47
21 87.54 21.00 1,842.89 6,350.37 292.62 8,485.88 8.49 212.15
22 17.54 6.91 113.09 595.72 25.32 734.13 0.73 18.35
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Table 1 Aboveground biomass

a a @
g g g o ° °
5 5 5 g -
a o a ~ a o o E o =
X [ o = =S < ©
T T X T v o0~ o = on £
5 & 5t s T g I ¢ 3 ¢ £
Mean o o < O & Q a 25 5 £
Plot Mean H ® c I e a | s ® 2 ®
DBH 2 2 > £ 2% = £ = = 2
38 3 & 3z s 9 5 8 7 2
< 3 < ¢ < ¢ % 8 %5 £ 5 9
w £ P « € € o € a
<] <) S} £ E o £
€ € € a a a
5 5 3
(2] wv wv
23 16.64 7.00 104.51 554.43 23.54 682.49 0.68 17.06
24 54.37 13.20 1,442.02 5,300.96 240.83 6,983.80 6.98 174.60
25 32.20 11.50 700.38 2,761.89 123.66 3,585.93 3.59 89.65
26 43.99 9.80 587.15 2,422.83 107.50 3,117.48 3.12 77.94
27 127.32 15.00 1,231.16 4,195.18 193.80 5,620.14 5.62 140.50
28 25.46 9.77 876.49 3,972.19 173.19 5,021.87 5.02 125.55
29 32.07 8.13 359.79 1,643.35 71.55 2,074.69 2.07 51.87
30 20.51 7.29 213.80 1,085.46 46.41 1,345.68 1.35 33.64
Mean - - - - - - - 118.34
D - - - - - - - 90.14
Variance - - - - - - - 8125.77

The variation in the AGB among plots
reflects differences in tree size and structure.
Plot 19 and Plot 21 recorded unusually high
biomass values, mainly due to the presence
of large-diameter and tall trees, which strongly
influence the allometric equations applied
for estimation. Since DBH and height act as
exponential factors in biomass models, a few
large individuals can significantly raise the total
biomass within a plot. This relationship confirms
that tree size remains a reliable predictor of
AGB and validates the accuracy of the chosen
equations.

These findings emphasize the role of
plot-level heterogeneity in shaping carbon
storage potential. Mature trees not only increase

biomass but also provide valuable ecosystem
services such as shading, temperature regulation,
and long-term carbon sequestration. In contrast,
plots with lower biomass may represent younger
stands requiring targeted management.
3.2 Satellite Data Analysis

The results of satellite data analysis using
Sentinel-2 were based on three main types of
vegetation indices: NDVI, and GNDVI, as illustrated
in Figure 2-3 and summarized in Table 2. The
analysis revealed clear variations in index values
across plots, reflecting differences in canopy
density and vegetation vigor. These variations
provided the basis for establishing regression

relationships with AGB and carbon stock.
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Figure 3 Satellite data analysis (a) GNDVI and (b) GNDVI-derived Fractional Cover

The details can be described as follows:
Figure 2 (a) presents NDVI values, with a minimum
of -0.0339215 and a maximum of 0.678909, while
Figure 2 (b) shows the NDVI-derived Fractional
Cover, representing the proportion of green

vegetation cover, with values ranging from

0.0000 to 99.9999. Figure 3 (a) displays GNDVI
values ranging from -0.0339215 to 0.678909
within the Mahasarakham University (MSU) area,
which is outlined in red. Figure 3 (b) illustrates
the GNDVI-derived Fractional Cover, also ranging
from 0.0000 to 99.9999 within the same area.
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Table 2 Fractional Cover

Sample Plot Fractional Cover NDVI Fractional Cover GNDVI
1 61.15 48.62
2 69.17 58.15
3 7591 65.02
a4 73.43 64.29
5 67.17 55.91
6 75.20 66.05
7 64.97 51.54
8 57.75 45.84
9 77.01 69.48
10 73.56 64.39
11 58.19 46.17
12 72.68 63.83
13 84.75 77.76
14 75.60 68.10
15 76.37 67.60
16 41.81 32.78
17 82.75 74.08
18 79.07 71.33
19 83.27 76.89
20 80.99 73.68
21 42.54 32.93
22 84.97 74.92
23 87.21 83.20
24 66.64 56.92
25 4591 37.92
26 69.82 61.19
27 82.61 72.73
28 74.54 67.04
29 63.15 49.50
30 74.29 67.07
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Table. 2 presents the Fractional Cover
values for all 30 sample plots using various
greenness indices, including NDVI (Normalized
Difference Vegetation Index), and GNDVI (Green
Normalized Difference Vegetation Index),
to evaluate vegetation and associated soil
conditions. From the analysis of the data in
Table. 2, several patterns can be observed in
the Fractional Cover values for each index, as
follows:

NDVI: The average NDVI values ranged
approximately from 41.81 to 87.21, with a mean
value around 71.10, indicating a relatively high
level of vegetation greenness across many plots.

GNDVI: The average GNDVI values ranged
from approximately 32.78 to 83.20, with a mean
of about 61.10, which is slightly lower than NDVI
and shows a distribution pattern similar to NDVI.

The relationship among the indices—
NDVI, and GNDVI—shows a similar distribution
pattern, with GNDVI generally yielding slightly
lower values compared to NDVI. This may indicate
differences in how each index emphasizes the
measurement of vegetation greenness. Plots with
high Fractional Cover values, such as Plots 23,

19, and 22, suggest areas with lush vegetation

350.00
y= 1.143¢0.0635x .

300.00 R2=0.6186

250.00

2 200.00

(ton/ha)

73
s
=3
S

100.00

50.00

Aboveground biomass density

20.00 40.00 60.00 80.00
FC-NDVI

(@

100.00

and healthy plant conditions. Conversely, Plots
16 and 21 represent examples of plots with
low Fractional Cover values across all indices,
which may be due to factors such as poor tree
health or water deficiency. The importance
of using multiple indices lies in enhancing the
comprehensiveness of the analysis, as each index
focuses on different aspects. Integrating data
from multiple indices provides a more complete
and clearer picture of the environmental
conditions.
3.3 Correlation Analysis

From the analysis of the relationship
between Fractional Cover (FC) and AGB using
exponential regression, the results are presented
in Figure. 4 (a) and (b). An analysis of the relationship
between AGB density and fractional cover (FC)
using exponential regression revealed that NDVI,
and GNDVI have coefficients of determination
(R2) of 0.6186, and 0.7201, respectively. Notably,
GNDVI exhibited the highest correlation with an R?
value of 0.7201, and the resulting equation is
y= 3.9972e°%* This equation indicates that the
variability of AGB can be significantly explained
by the FC calculated from GNDVI at a high level.

350.00
y= 3.9972¢0.0533x .

300.00 R2=0.7201
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200.00
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150.00
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Figure 4 Correlation analysis (a) FC-NDVI, and (b) FC-GNDVI
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3.4 AGB Estimation
The AGB and carbon stock estimations
derived from vegetation indices using exponential
regression were calculated on a per-pixel basis.
This was done by multiplying the biomass
density per hectare by the area of one pixel

CJwsvare

Biomass Per Pixel NDVI
Value
oy High: 654387

- Low : 0.01143

0 L

Lty
o1 02 04

From Figure. 5 (a), the NDVI-based
estimation shows that the maximum biomass
in a 100 square meter area was 6.54357 tons,
while the minimum was 0.01143 tons. The total
biomass estimated from NDVI was 2,558.1196
tons. Figure.5 (b), presents the GNDVI-based
estimation, with the highest biomass in a 100

square meter area being 8.25171 tons and

(100 square meters), and then dividing by 10,000
square meters to convert the values to per-
pixel units. The resulting raster layers represent
biomass per pixel, as illustrated in Figure. 5 (a)
and (b).

CJwsvarea

Biomass Per Pixel GNDVI
Value
o Hiah:825171

- Low: 0039972

(b)
Figure 5 Aboveground biomass (a) FC-NDVI, and (b) FC-GNDVI

the lowest 0.039972 tons. The total biomass
calculated from GNDVI was 2,798.2262 tons.
These results derived from NDVI, and GNDVI
provide detailed and effective insights into the
distribution and quantity of AGB within the study
area. The results of carbon stock derived from
vegetation indices are illustrated in Figure. 6 (a)
- (b).
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Figure 6 Carbon per pixel (a) NDVI, and (b) GNDVI

Figure. 6 (a) presents the NDVI-based
carbon stock. In a 100 square meter area, the
maximum amount of sequestered carbon was
3.07548 tons of carbon, while the minimum was
0.0053721 tons of carbon. The total amount of
carbon stock based on NDVI was 1,202.316209
tons of carbon. Figure.6 (b) shows the GNDVI-
based carbon stock. The highest amount of
carbon sequestered in a 100 square meter area
was 3.8783 tons of carbon, and the lowest
was 0.00187868 tons of carbon. The total
amount of carbon sequestered from GNDVI was
1,315.166321 tons of carbon. Figure.6 (b) shows
the GNDVI-based carbon stock. The highest
amount of carbon sequestered in a 100 square
meter area was 3.8783 tons of carbon, and the
lowest was 0.00187868 tons of carbon. The total
amount of carbon sequestered from GNDVI was
1,315.166321 tons of carbon.

3.6 Statistical Accuracy Assessment

The results of the Root Mean Square Error
(RMSE) and RMSE% calculations for evaluating
the accuracy of biomass density estimates
derived from satellite imagery compared with

values obtained from field surveys are as follows:

NDVI: Based on the data analysis, the
RMSE value calculated for NDVI was 2.36 tons
per hectare (ton/ha), indicating that, on average,
the satellite-derived biomass values deviated
from the field-based measurements by
approximately 2.36 ton/ha. Additionally, the
RMSE percentage (RMSE%) was calculated to
be 44.99%, representing the percentage error
relative to the actual field values.

GNDVI: The RMSE value calculated for
GNDVI was 1.90 tons per hectare (ton/ha), which
means that, on average, the satellite-derived
values deviated from the field measurements by
approximately 1.90 ton/ha. The corresponding
RMSE% was 36.21%, indicating the percentage
error relative to the actual values.

The relatively high RMSE% observed
in this study—244.99% for NDVI and 36.21% for
GNDVI—can be attributed to several factors
inherent to both urban forest characteristics and
the data source. First, urban plots exhibit structural
heterogeneity, with diverse species, size classes,
and canopy densities, which complicates the
performance of single-index models calibrated

on limited plot samples. Second, the 10 m spatial
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resolution of Sentinel-2 often produces mixed-
pixel effects, where individual pixels combine
tree canopies with impervious or understory
surfaces, thereby introducing systematic bias
in spectral indices. Third, slight mismatches
between plot boundaries and satellite footprints,
along with phenological and management
differences, further contribute to residual error.
Previous studies have reported similarly high
RMSE values when relying solely on Sentinel-2
indices, whereas the integration of canopy-
height or LiDAR information has been shown
to substantially reduce error, underscoring the
importance of multi-source data integration.
Therefore, future research should (i) stratify
models according to vegetation type and
structural characteristics, (i) incorporate canopy-
height metrics derived from UAV or LiDAR, and
(iii) employ cross-validation approaches to more
accurately characterize model generalization

error.

4. Conclusion

This study assessed aboveground biomass
and carbon stock of urban trees at Mahasarakham
University by integrating Sentinel-2 imagery with
field surveys. Results showed that GNDVI was the
most effective vegetation index, demonstrating
a strong correlation with biomass estimation.
Field surveys indicated a total biomass of
4,650.75 tons and carbon stock of 2,185.85 tons,
while satellite-based analysis estimated 2,798.23
tons of biomass and 1,315.17 tons of carbon.
These findings highlight the value of combining
space technology with ground measurements to
provide accurate and scalable assessments of
urban forest carbon potential. From a practical

perspective, the results can inform urban green

space planning by identifying high-biomass
areas for conservation and management.
Moreover, the quantified carbon stock provides
baseline data for evaluating urban carbon credit
opportunities. Future research should explore
higher-resolution data, such as UAV or LiDAR, and
expand the number of sample plots to further
improve model accuracy and support evidence-

based policies on climate change mitigation.
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Strength Analysis of a Metal Bridge for the Modular Fast Bridge
Launching Vehicle Using the Finite Element Method
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Abstract

The Modular Fast Bridge (MFB) is military equipment used for tactical support missions,
enabling the transport of vehicles, equipment, or personnel across canals or disrupted routes.
Additionally, it is utilized in disaster relief operations to assist civilians when transportation routes
are cut off. This study presents a strength analysis of a steel bridge capable using the Finite Element
Method (FEM). The analysis focuses on evaluating the stress and strain of the bridge structure.
Furthermore, the strength of steel bridge was tested by placing 60-ton load on the middle of the
bridge and the tested results were used to compare against the results obtained from FEM. The
results from the calculations and experiments showed that both were in good agreement, and
the maximum stress occurred at the midpoint of the bridge, where the two bridge sections are

connected.

Keywords: metal bridge, modular fast bridge, launcher combat support vehicle
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A Study of the Effect of Liner Aging
on Adhesion with Propellant Materials
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Abstract

Solid rocket motors are widely used in military and defense applications due to their
simplicity and high reliability. These motors typically consist of a motor case, thermal insulation,
liner, and solid propellant grain. The strength of adhesion for each material in the solid rocket motor
depends on processing, storage duration, and environmental changes. The quality of adhesion,
especially between the liner and the propellant, play a role in ensuring proper motor performance.
Poor bonding may lead to structural failure from design and performance. In a production line after
curing liner already, there are a long period of times for waiting of propellant casting. The objective
of this paper is to investigate the effect of liner aging on adhesion with propellant casting on the
interfacial adhesion between the liner and the propellant in composite solid rocket motors.

The research considers various functional group ratios (Rt) in polyurethane formulations,
Physical properties including density, Tensile Strength, and Elongation Rate are analyzed. Liner
samples with Rt values ranging from 1.10 to 1.50 are produced and tested. Adhesion is evaluated
using bonded rectangular specimens. The liner samples are stored for 3, 7, 10, and 15 days before
propellant casting. The liner-propellant rectangular in each specimen is accelerated aging equivalent
to 3 years of storage life. Experimental results show that liners with Rt at least 1.20 exhibited optimal
mechanical properties. The bond strength of liner-propellant ranged from 0.76 to 1.06 MPa, which
significantly exceed the design requirement of 0.50 MPa. This result indicates that storing the liner
for up to 15 days prior to casting does not degrade adhesion quality. This research supports more

flexible production timelines and enhances quality assurance in manufacturing of solid rocket motors.

Keywords: electrical analysis, Vetronics, weapon control system, multiple rocket and missile launcher
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Comparison of Interior Ballistic in 5.56 mm Rifle Using Single
Perforated Grain and Spherical Grain Gunpowder
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Abstract

The 5.56-mm firearm is commonly used by infantry and border police units. Most firearms
in service are gas-operated, which results from the internal combustion of gunpowder. Analysis
of breech pressure and muzzle velocity is important for design and operation. This research
comparatively examined two types of gunpowder single-perforated grains and spherical grains
and two types of cartridees, M193 and M855. The interior-ballistic comparison showed that,
for each cartridge type, single-perforated grains produced higher breech pressures and shorter
burn times than spherical grains. The muzzle velocity and ballistic efficiency of single-perforated
grains were also higher than those of spherical grains. A comparison between the M193 and M855
cartridges indicated that M855 exhibited better ballistic efficiency than M193 for both sunpowder

types.

Keywords: Interior ballistic of gun, Gunpropellant, Single perforated grain, Spherical grain
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B Single Perforated Grain Ball (Spherical) Grain
M193 (Sperf) M855 (Sperf) M193 (Ball) M855 (Ball)
Projectile Weight, gr 56 62 56 62
Charge Weight ,gr 26.5 26.1 26.5 26.1
Muz Velocity,11.5" m/s(ft/s) 894(2976)  861(2,868)  889(2960)  854(2,844)
Muz Velocity,14.5" m/s(ft/s) 967(3,222) 927(3,086) 971(3,233) 932(3,105)
Max Breech Pressure, Bar 3,618 3,689 2,924 2,955
Burn Time, sec 0.0017 00017 0.0040 0.0039
Ballistic Efficiency, 11.5" % 19.2 20.1 19.0 19.8
Ballistic Efficiency, 14.5" % 22.6 2855 227 23.6

A15197 4 HANTNAABULUTHUTIBUSENININTEgUUARZLUY

Cartridge Type
Test Result Reference
M193 M855
Muz Velocity,11.5" m/s(ft/s) 843(2,766) 830(2,723) Ref [12]
Muz Velocity,14.5" m/s(ft/s) 991(3,250) 922(3,025) Ref [10]
Max Breech Pressure, Bar 3,585 3,792 Ref [10]
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firsanguit 3 maifinduresauduste
53azmamil,ﬂﬁauﬁsuaaﬂizﬁjuﬂu WNTUINTTAU
M193 AUTLLUUNTINTEUDN ANUAUENER 3,618 bar
fiszagnia 120 mm Tuvasfinuluwuunsanay
ANPUEER 2,924 bar fiszeEnne 75 mm waeen
nszausuaiauiuggaluLdn Anufusands
WADYT ANAIRINTTHENIVDINTYAY gﬂﬁ 4 ua@ns
NFMAINEINTZAURDIZEZVING NUIIAUEINTZEY
Lﬁwﬁummzazmqmzqum?{auﬁ Tnefinuss
ﬂi%fjulﬂu‘ﬁu@&hﬁ’mL%’ﬂ‘u‘lj"NLLiﬂ LazLiuTuda
Tuthmdailosmnaruiufianas

fiar50015197 3 NTEgU M193 AUEN
11.5 $h futhunuunsanssuen SanuEadi 894 m/s
UsgAnsAN 19.2 % Audunuunsnauiinnuisidiu
889 m/s Usg@nsan 19.0 % uansinauduuuy
nsensruaniiUsEavsnmegandiuunsnay lunsel
YosRuUuTlaRgIiu AsaAUUULUUNSINTEUON
navgu M193 dwiin 56 gr fsgAnBnin 19.2 %
Tuvauziinszau M855 niin 62 ¢r fin1u3adu
861 m/s Uszansaimvindu 20.1 % Wufe
nsrgu M855 fiuszdnininganiiuuu M193
nsdn1sssuiisunuiivesnssguussdy
A21U81781NA9VUAIAY WUTITUIAAINYND
dndosen 14.5 T finnuiEdunazyszansam
gendnUud1naedsn 11.5 #h mMswWlsuiieudy
HANTISNAADUAINNLSIAULALAINNAUT NG
Tumsafl 4 wuiwamsiwadalngifosaenndos
funaiildannisvageu

5. unagd

nsawIndvudsaeluaindosuruin
5.56x45 mm Ingandendnnisiwtivduuiuiian
YosRuTu [51ELTIAMUIAANA LT INGS A2N57
nsvauiu srozmenisindouiiveansgu sauds
UsgANSnIMeBINITAULUUAIY 9 31nN15kUTeUY
\Wiusgninanszguilliiuliunsanszuen (single
perforated grain) WazAuUuuunsInau (spherical
grain) wunaudunsensruenilanusidulasy
Usgdnsanaandindulunuunsinasegiuiuladn
iwﬁaﬁmmﬁu%’uwaaqmdmasnm‘ﬁg’uﬂ’jn
HanTsAuIMldnyugReIfudIvTunTE AU
M193 wag M855 Tunsaiiuturilafediu nseau
M855 fuszAnsnimgsnin M193 iflesarntimiln
fiunnin M193 lunsdlainuenidindesnuin
Yuaindesenfianusazyssdniningani
Yudndesdu

nsAIneRuaINnIain luUssyndldla
Tuniredldanu srufansiauienystuiil
UsgAnBamgatu erdlsinnudeyanisnaaey
firsdudunanisiuiuianudndu dndu
NsUTuUTIANgNARITRIRILUTAN 9 JULUUYeN
Autuuuudy 9 Aiflnadennudusandsudnuuy
wanaafuly SududesiinisAuinuaznaaou
WisRy

nansFualunuideiiiauaenndos
fumAteneunthfiiedasiunmsieseitunis
melureanszauuunn 5.56 3. [7] Seduduiany
gndesvesuuuaesiiiiunly
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UNAIIYINIT

ANSANEILUBIALLNEINUNI5ASIAFUAUIUINHA8lAsITNeUssa NN
AmSusiuuAinAINEZIRRUIUNIY MQTT Tagussaanauy CPU

HNNSNA MAENE 195105 LResiendl udnd Wiewdyad® innns Pegmans'
gua seanms I’ Yunsy Junla’ way Wudw uiueea’

Suii%u 2 fusnou 2568 uiinAly 9 flunay 2569 Yurousu 17 fupu 2569

unAnge

n13n293ung (Object Detection) LWunszurunsiliinaiaanlassingyssamiiion
(Neural Network) #sl#3unnudenegraunivanslunuidssunisusadiuvemjugus (Robot Vision)
mAdeiildhmedadindruussgndldtuiusuiauazenauuliii (nsulator Cleaning Robot)
Tngszuvaziunmainndeaiiensiamiidn Bounding Box veatimne Aeudsdeyaludimieniugu
viusudrumseansliaeuuy MQTT lasmsmaaeusiiiunisuu CPU 6-Core Intel Xeon E5 A91315)
3.5 GHz wion RAM wuia 16 GB laghild GPU Tumsusvinana manisiUSeuiisunansandnenssy
Tuipanuin YOLOVI 1n TiszavEnmfdian feen mAP@O.5 = 97.6% wag Precision = 98.66% AT
WAsvesssuy (iansUssanauazdiloya) ogil 1.61 FPS ulfagdninuidereunthdelinnui
24 - 51 FPS wissuuiiitmuiuliaasilunsdsfisamanedamii 0.62 3undt vilsmheaiusuannss
indoufinuiitaldlaglisududosiionnmuudealnllunnduney wenand nansalumsvssana
wavdsdayaRmibuifios 52% vesnaimundesy wandifiuiszuuiimumnzausonslénusie
wifazyheusiig CPU lssegnadeaiany

AdAn: NMInsRduing, lasehedssanndiey, viusudvhanuazenn, auuliih, msussiianauuditg,
MQTT

! dundmnssumsieansteyanedidnnseiinduaziaietnoneuivines, aotumeluladdesiulsune

N

MAMmNssuliin, augdennssumans, uminendeinensenans
" Justs, Blia: pakamaj.wedti.or.th
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Preliminary Study on Neural Network-Based
Insulator Detection for an Insulator-Cleaning Robot via MQTT
with CPU-Based Processing

Pakamaj Wongsai'” Warakorn Luangluewut'” Phunsak Thiennviboon” Kittakorn Viriyasatr'

Ubon Thongsatapornwatana' Chanatip Chuenmanus' and Pantape Kaewmongkol'
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Abstract

Object detection is a process that utilizes techniques from neural networks, which
have gained significant popularity in robot vision research. This study applies such techniques
to an insulator cleaning robot, where images from a camera are processed to determine the
target’s bounding box coordinates. The coordinates are then transmitted to the robot’s control
unit via long-range wireless communication using MQTT. The experiments were conducted on
a 6-Core Intel Xeon E5 CPU (3.5 GHz) with 16 GB of RAM, without using a GPU for model
inference. Among several tested architectures, YOLOv11n delivered the best performance,
achieving an mAP@0.5 of 97.6% and a precision of 98.66%. The overall system speed
(including both inference and data transmission) averaged 1.61 FPS. While this is slower than
previous research reporting 24-51 FPS, the developed system offers a unique advantage:
it can transmit target coordinates 0.62 seconds in advance, allowing the control unit to navigate
toward the target without relying on real-time image processing at every step. Furthermore,
the combined processing and transmission time accounted for only 52% of the total per-frame
time, demonstrating the system’s suitability for practical applications—even when running solely
on a CPU.

Keywords: Object Detection, Neural Network, Cleaning Robot, Insulator, MQTT Communication
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nsWauIiueudlasuauiionegia
wnsnarsluningnainnssy [1] nsvinldssuy
ansavinnulalaednluliffesanduasnusenauy
naeauY ﬁgﬁzwmuau (Control) [2] wazszUU
nsueiudisaoNiames (Computer Vision)
(3] lun1snaassnssibjatiufidiures Computer
Vision lagthviannsnsiaduing (Object Detection)
[4] wvUsegndldfuvusuidniviauazenn
auulviin (Insulator Cleaning Robot)

nannN15¥IUAL N5l Object Detection
Wloszysuisyasaunlwin (nsulator) 99nam
il wdrianulivesszuy Wenn3sTwanunse
MNAULUU Real-Time nneldtadninvesansauwis
4 Tusidsediniuan $n13th Object Detection
uUszynaldsinduirunataziueudogns
wwsuane [5], [6] Invdrulugnageuuuszuy
GPU Fslimnuisagedis 24 - 51 FPS agndlsfinna
aAfomauinliannsanuquanszeyinald
dlesnnlidfiszuudstoyalsans Snitdsdifunugs
91nN13kY GPU

Turuifeddsussyndliluma YoLO &4
fimnuiSuavadiuwdugigs [7] saudu MQTT
Fuduldslanoanisdsdoninuuuutminiun
(Lightweight Messaging Protocol) fsnzdmsu
mi?iamﬁzmNqﬂnizﬂuizw Internet of Things
(IoT) Taedeyasiumisvosauulrliniinsiaduls
Jzgnassy MQTT lUfsszuumuny ilelfuvuna
annsnindouilugiunsesauuldognauiug
2. NqufNNEITes

Y290uUAU Object Detection filuina

q
¥ '

Tmdenldednamainuany agrelsinu uide
atuilidenldnszna YOLO (You Only Look Once)
\eaanflgadusiuainuiiuazinunzanse
n3UsENAlEfUsEUUTFRRILILUY Realtime
uennil Afessfnin seduntsvens

ualuina (Model Scaling) w89 YOLO szaula

wanzauiigaiuszuuildeanuuuly meldtodnin
A1 Usunauyadeyadmsuiln (Training Dataset
Size) wag AunUNISATUIN (Computational Cost)
iesanlunausiazainalvisyansamunnsnaiu
MNANYUTLAZYIUIAYBITRYARN MInIFeNluAA

N a

Afvurnlvgiiuainumuizauiofisuiuyn
Toyailll enaifinanudssienisiinlenesilngs
(Overfitting) wazdswaliusz@nsaiwlunislaau
23%anaala

Fadu Tuauizeinsisudieuluna
YOLO manwainatiiednidenluinadimunzandian
dwduszuu Taefiansansauiuieu sl wae
Aea (Latency) sialszuuanunsayeu
§ograliuszandaim wazasdrfiadaniian niu
YOMUUATBINIS IHITUIIS
2.1 n15%1 Object Detection A28 YOLO

Ua90unn3vi Object Detection fin1siaiun
lumaviarnviateuseinm wu SSD [8], RetinaNet [9]
waz YOLO [10] lusiideiileidentd YoLo esann
fiannusuazuseusansneinsuinninlumaduy
Nuisereunthiiinswaun YOLO senumany
Ju [11] uazgnuszgndldaulunaigaiu iy
Segmentation [12], [13], Classification [14], Pose
Estimation [15] uay Object Detection [16] lngn13
naneslunfeiijatiunsliagu Object Detection
dmfunisnaasu Tidenld YOLOV1T iiiedn
f'?qmml,l,aiuahl,t,azmmﬁ’; R YOLOv11 [17]
umenanidaenssufivivugsini lagludau
Backbone 14 C3k2 block (Cross-Stage Partial
with kernel size 2) tnu C2f WUULAL \ieansuiu
mdwesuaziiiunnuds densld Convolution
suadnvaneduunuiilig @Sude SPPF (Spatial
Pyramid Pooling — Fast) tkag C2PSA (Cross-Stage
Partial with Spatial Attention) e L Spatial
Attention Tsvuvanunsalufafuiiddey wu
fnguurnidnudetagiignis @ Neck 14 C3k2
blocks uny C2f Wiosufwesnaresziulasng
wazUsEndaninenns niounau C2PSA Loy
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prwansatunsasedulumniidudeu diu Head
149 C3k2 blocks wuumansLd@unie (Multi-scale
Path) LleUszuranailinasagrafiussanian
T935UNMITIUIENAI8UUIA (Multi-scale inference)
dmsunisnsiaduinguuiaian nans wazlng
I@uaiugrunndu Tae Head 1fudaudivih Object

SPPF [N

C2PSA -

C3K2 #

2.2 Model scaling

YOLO (You Only Look Once) [19]
\Wulsiaa Deep Learning fild¥unmionoenegs
WMU1EdInTUNITNTITUTAQUUULIAIDTY
(Real-time) lngdamanuuduglusziugs
a01Un8nIIuUe YOLO wilasteynin1ininadu
Taglindulaymdsanasy (Regression Problem)
vilaunsaduunlseian (Classification) wag
el (Localization) vesinglanseudunigly
nsUsEInNanaliessouLaen [19]

Hadwsyas YOLO egluguinuwwes (Tensor
Outputs) FeUszneusiedeyanseudindo
(Bounding Boxes) inmn1sally lawa sdrunia
e wazaausiula (Confidence Score) 52
Auu1aztduvesaata (Conditional Class
Probabilities) ¥os3nqiinsI9duld eddudn 9
1199 YOLO l¢§unmswaunegresoiiouiioiu

YOLOv11

Detection Inense #11 Convolution wag Prediction
Layers Lﬁaﬁmwﬁ%mumiaui’mq (Bounding
Box), Al (Confidence Score) WagUselnn
¥93¥07 (Class Probability) 91n#i9e$7ide191n
Backbone laz Neck é’mam‘iugﬂ‘ﬂ' 1

E—* Object Detection

|

|

— Instance Segmentation
1

E—» Image Classification
|

:l—»— Pose Estimation

]

1

—— Oriented Object Detection
1

|

i—- Object Tracking

Usgandnaw [17], [18] lagarusadnnisiuain
fdudounazusuldfuiunsiaduiinainvaie
IsfognaBameu wsuidsn YOLO Tagniaundieiiles
Wieseadunsusunssdmsunuanizng Tnewils
Tumeafiadfgyfivaefinuszdnsamie nsusu
analuna (Model Scaling) [20] FafunisuFuun
anrinsnssuegnadussuy eaiiaunaszuing
AL LAEANS?
msvsuanalunalaeialuusznaudae

e n1sUFuAwEn (Depth scaling): iiiu
1wty (Layers) Tulasse ileliansnsnGous
Qmé’ﬂﬂmzﬁ%’u%’auﬁumu Convolutional Layers
Adiud [21]

e n15U5um21undne (Width Scaling):
Wusuiundiededy Wy iusuIuiaInges
(Convolutional Filters) \ievenevouwnnIsa
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Tunsneaesensadl Tavinn1snegeunisusu
awnaluia YOLO 911U 3 wu1a lawn Nano,
Small, uag Extra \ileAsaunguiin-nans-lngjan
nelddedin CPU uarq trade-off latency
TaenuUseansn el e NNTUALUUIA
vasluna winusl (Latency) azanasiieldluing
aa =3
Advualugau

N7 1 %ﬁﬁgﬂLtuaﬁm Model Scaling
vaslunaitiunisinuugadeya COCO nui
wiazlunall 1uIunnIswes (Parameters) way
FuUNTSALI (FLOPS) uansinsfiueeailfed Aty
Snitslunszurunisiin lumaauisnUszgndld
Data Augmentation Tugialdl demalviguuuudoya
sgriamsEindaumannvaneannty

A15199 1 UszAnnimaes Model Scaling luusiaze [18]

Speed T4
mAPAval | Speed CPU
Model | size (pixels) TensorRT10 | params (M) | FLOPs (B)
50-95 ONNX (ms)
(ms)
YOLO11n 640 39.5 56.1 + 0.8 1.5+0.0 2.6 6.5
YOLO11s 640 a7 90.0 + 1.2 25+00 9.4 21.5
YOLO11m 640 51.5 1832+ 2.0 4.7+ 0.1 20.1 68
YOLO11l 640 534 238.6 + 1.4 6.2 +0.1 253 86.9
YOLO11x 640 54.7 4628 + 6.7 | 11.3+0.2 56.9 194.9

Tooansay wusldudlfidiudn Tunadid
ﬁuumimgﬁﬂiﬁmmLL;J'uEJ"ﬂgUN%u ag19lsfinu
AMNEINTaluNIIRTITUlARTUAIUNTeAL
amanaslevunelunariatu Sasioudis Trade-off
sgni1alsednSaindiualinugndesiunis
ATBUARUNTIATIATY uBnIni Tamavuialug)
Tngvhluminz fuaaiunisalifivsuudoyaiin
Frunuinn vagilumamnadninanefuyadeya
unanuInnd1 mndenauinlunaliaennaes
fudnwusuazUSunudeyasatluglymilenss
An@As (Overfitting) 1a

feiu smAfeiieinssfiuesFeudo
1 Tuavunalamngauianiutediauasteuly
nslfaruvesszuvitldoonuuuly iteliliauna
3ENI19ALLINEY AU LagAunuNITAILIN
Tunslgauasa
2.3 pydadayaniiy MQTT

MQTT (Message Queuing Telemetry
Transport) [22] doansuuy publish-subscribe

dfantnenssulaed Broker vwthidusanans
Tuns¥u-detoyaszning Publisher wag Subscriber
AUV MQTT fefithwiniun (Lightweight)
Tndeaus wazmunzdmsuinietefifiuuud
Ansidria Tunsneaesilald MQTT iledstaya
NaN1395333UTng (Object Detection) uagasnn
vasawauliih (nsulator) finsaaduldlusaszuy
AuA Litelsusudarunsaihdadlasululy
Tumsauaumsiadeudilsognsusiug
2.4 Confusion Matrix

Confusion Matrix [23] 1Juia3esile
ﬁugmﬁm%’uﬂizLﬁuﬂﬁzﬁmﬁmwmm luaaduun
Uselan (Classification Model) lngldnsuanina
n1sviuigveslaaaingnuieialuldazaand
FetelimnseideRanaiauazUszadnsninues
luwalaeensdnau ﬁmamiugﬂﬁ 2
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Actually Actually
Positive (1) | Negative (0)
True False
Predicted
Positives Positives
Positive (1)
(TPs) (FPs)
False True
Predicted
. Negatives Negatives
Negative (0)
(FNs) (TNs)

g‘d‘ﬁ 2 Confusion Matrix

2.4.1 anuuiug (Precision) Wun15in
AMUBUUGIVBILUUIIADIINNATRANTUENTIAY
naans lngmullaainaunisi (1)

TP,

TP, + FP, W

a8 loU (Intersection over Union) finld
luaunsi9duing (Object Detection) #39n13
LUIEIUNIN (Image Segmentation) LWain

I\ o a & A - Y | X A
AN UEUTINUT Tnefealudnsnadiuasiun
mhueldgnées (True Positive 3o Intersection)
LA g _ X a4 A
FONUVITINYVIINUA (Union) YBInUnuINaTe (Actual
Positive) Aufiufulnfluimariuirednduuan
(Predicted Positive) fagun1si (2)
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TP, + FP, + FN, )

2.4.2 Average Precision (AP50) Uadlsiay
AAEAIENNITN (3)

1
f P(R)AR ®
0

Aon1seuiaase W3EmAudildnsw
Precision-Recall (PR curve) Imﬂﬁ%’@gaﬁﬁﬂmﬂ
loU > 0.50

2.4.3 Mean Average Precision (mAP50)

N
1
mAP50 = NZ AP50 @

n=1

g

N - §nnuAaET VLA

AP_i 50 = Average Precision gasnaaiile
loU threshold > 0.50

3. F/MsAniuns
3.111599NUUUTEUUHUEUAVIAIIUNEEDA
auwaulvA (Insulator Cleaning Robot)

NNI0BNKUUIFUULBUITINAI AR
Iyl wuseanidu 2 dwumndn loun

1. sguun1sueaLiiu (Vision System)
uthiisunmainndeswarUszananaseluing
Object Detection \leydifin bounding box w84
il mniurzdstoyafifauaznmiinmady
Tarulusinaoa MQTT ludaszuunan

JUN 3 fpgaueudviinEza1n Insulator

Defence Technology Academic Journal, Volume 8 Issue 17 / January - June 2026 R56



sTuuvan
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muAuMTARBURTBI{UBUS
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2. szuuAIuAu (Control System) Sudeya
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4. NanNITNNaDg
4.1 nMneassUszansn e uaazluna (Model)
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Uszananavesluinanaznisdatoyasiu MQTT

R57  91sarsivnismaluladdesiuussne OV 8 aUuil 17 / unsiau - dguieu 2569



fielnaAeeiu TnosmAndu 529% veanavian
fawlsy wansnsyuvasainaulfeg 1 umrinyay
U CPU Bstnusendnsuvuaniaing

wnld GPU wieissanunsalunsusyanana
3z‘uua’ﬁ]ﬁﬂmu%ﬂmLﬁawWﬂﬂﬁaﬁ‘hﬁmaqmsdﬁm&a
{u MQTT agelsAniu n1si MQTT wnldaae
IenunsanIvauueuinseeylnaseninessuy
AIUANKATSTUUNITUBLTUldoE19diUsEANS A
maﬂﬁmaaqaqﬂﬁ’mamﬂumswﬁ 2
4.2 U3£anSnIW U3 YOLOvV11n

NN1INAaeIUsEaNS e IuAazlung
wud1 YOLOV11n lidszdnsawiifiantiadiu
ANUSILAEAMLLLEN ‘Lugﬂﬁl 5 uAnINIIATID

P a a ] Y
A15199 2 Uszandnmaesliinausaz s

Fu Insulator lseenegndfes wazgui 6 Fadunasin
Confusion Matrix laedldn True Positive 4117
516 faog19 ANVIA 565 Faoe Anduaa
wiug 98.66% uariA1 mAP50 gedia 97.6%
deldsmiuszuunisueaiiudianulaviiiu 0.62
Funiidersudsiing
sATeneuntiisiaiiula 24-51 FPs
oghalsfinny snwAfereunihilifnsdsoyauuy
Faeszoglnamiloussuuiieanuy Tnoszuy
avdaninuazidadinuneludamiaeaiuay
awth 0.62 3undi rieufivihemuauazyszanana
wazduindeusidn Tnglidnududossedoyanm
wwuealniflunnduneu

Time (Model) | Time (MQTT)
Model mAP®0.5 Time Total [s] FPS Total
[s] [s]
YOLOv11n 0.976 0.32 0.30 0.62 1.61
YOLOv11s 0.973 0.44 0.32 0.76 1.32
YOLOv11x 0.974 1.59 0.29 1.88 0.53

o '

JUN 5 MeE19N13M 593U Insulator fag YOLOVLIn

Defence Technology Academic Journal, Volume 8 Issue 17 / January - June 2026

R58



Confusion Matrix

nsulator

FTROIC I

"
~

background

insulator
True

500
400
a
300
200
- 100
. -0
background

5Ufl 6 Confusion Matrix 983 YOLOv11n

5. @3Uunan1Tvaaeg
nMsnageulieansIduinguatgsuy
wudn YOLOv11n TWuszAnsamAdian laed
AUULUE (Precision) 98.66%, A1A1UQNFDY
Baituil (mAP50) 97.6% wagsuau True Positive
516 fapns Mndeyatienun 565 faogns At
nsUsEnaNan eyl 1.61 FPS deninenide
rounthiiianmud 24-51 FPS oenslsiiony szuu
fiutuiianulannunsefiaiusodedoya
anuagidadmansuuuliaeszerlnald was

gnesnuuulvideiiinasamt 0.62 3wl neuns
\AAeuTiase yinlimiearuauaInsaUsuIang
warduindoumuiinadilasy Ingliisassatoyanmn
wuuidsalmllunnduneu venand nanilfluns
Uszadanavesluinanaznisdsdoyasiu MQTT
flendilndidestu Tnosudndulssann 52% veq
naoualuniansy Faeumnyausenisiily
T ieswnanunsavhauldegaivszansam
ugilgiies CPU

R59 sarsivmsmaluladdesiusene U7 8 aUudl 17 / unsay - Jguigu 2569



6. LPNE15D19D9

(1]

(2]

(3]

(4]

(6]

(7]

(9]

J. Arents and M. Greitans, "Smart industrial
robot control trends, challenges and
opportunities within manufacturing,”
Applied Sciences, vol. 12, no. 2, p. 937,
2022.

M. Casini, D. Prattichizzo, and A. Vicino, "The
automatic control telelab," IEEE Control
Systems Magazine, vol. 24, no. 3, pp. 36-44,
2004.

J. Qi et al., "Computer vision-based hand
gesture recognition for human-robot
interaction: a review," Complex & Intelligent
Systems, vol. 10, no. 1, pp. 1581-1606, 2024.
Z.Zou et al., "Object detection in 20 years:
A survey," Proceedings of the IEEE, vol. 111,
no. 3, pp. 257-276, 2023.

C. Ju et al,, "Speed-FairMOT: multi-class
multi-object tracking for real-time
manipulation," Signal, Image and Video
Processing, 2025.

Y. Ye et al,, "Dynamic and real-time object
detection based on deep learning for
home service robots," Sensors, vol. 23,
no. 23, p. 9482, 2023.

L. He et al,, "Research and application of
YOLOv11l-based object segmentation,"
Buildings, vol. 14, no. 12, p. 3777, 2024.

S. Zhai et al., "DF-SSD: An improved SSD
object detection algorithm," IEEE Access,
vol. 8, pp. 24344-24357, 2020.

Y. Wang et al., "Automatic ship detection
based on RetinaNet," Remote Sensing,
vol. 11, no. 5, p. 531, 2019.

P. Jiang et al., "A review of YOLO algorithm
developments," Procedia Computer Science,
vol. 199, pp. 1066-1073, 2022.

[11]

M. Sportelli et al., "Evaluation of YOLO
object detectors for weed detection,”
Applied Sciences, vol. 13, no. 14, p. 8502,
2023.

W. Luangluewut et al., "Performance
Comparison of LRT and YOLO," Defence
Technology Academic Journal, 2025.

C. Kang and S. Kim, "Real-time object
detection and segmentation technology,"
JMST Advances, vol. 5, no. 2, pp. 69-76,
2023.

T. Diwan et al,, "Object detection using
YOLO," Multimedia Tools and Applications,
vol. 82, no. 6, pp. 9243-9275, 2023.

D. Maji et al., "YOLO-pose," CVPR,
pp. 2637-2646, 2022.

W. Luangluewut et al., "Domain Adaptation
for Drone Detection," ICAIIC, 2025.

R. Khanam and M. Hussain, "YOLOv11: An
overview," arXiv, 2024.

G. Jocher et al., "Ultralytics YOLO11," GitHub,
2024,

J. Redmon et al., "You Only Look Once,"
CVPR, pp. 779-788, 2016.

M. Tan et al., "EfficientDet," CVPR,
pp. 10781-10790, 2020.

B. Mehlig, Machine Learning with Neural
Networks. Cambridge University Press, 2021.
OASIS, "MQTT Version 3.1.1," 2014.

S. Visa et al., "Confusion Matrix-based
Feature Selection," CEUR Workshop Proc.,
2011.

Roboflow, "Insulator Detection Dataset,"
2023.

Defence Technology Academic Journal, Volume 8 Issue 17 / January - June 2026 R60



UNAIIYINIT

A1SNAUITZUU Web Application Firewall (WAF)
9aa39e g Machine Learning Tun1snsaaduunazdasnunislaum

WA @i wae Ainms Anding’

Suiigu 20 Surneu 2568 Tuiudly 6 furay 2569 Sumeudu 11 flurau 2569

UNANYD

ARFRRIIEY

o

Inqusrasdliofannszuy Web Application Firewall (WAF) §9a3ey lagUszendld
wafia Machine Learning ua Deep Leamning tiowfiuuszavinimlunisasiaduuasdeatunislanfimadiu
Tnglumaitlilumsideusznousemaiielungy Machine Learning l¢uA Random Forest wag Support
Vector Machine (SVM) uaginailalunga Deep Learning 1aun Deep Neural Network (DNN) sTUUTian
ulifeyaainyn CIC-IDS2017 Dataset way OWASP Benchmark Dataset dumsiinaouuasvinaoy
luman1siseu3 nan1smaassnudn 1uima Deep Neural Network (DNN) %nﬁumwﬂa‘iundm Deep Learning
fuszaviningaan lagliimanuusiugiads 97.60% uazm F1-Score Wity 96.65% ganinlauaalungy
Machine Learning lur Random Forest wae SVM 53Uy WAF finanntuieusteruluinaniiu RESTFUL AP
wazgannsansandunsladlduuuidealng Tnefinanedslunismevavendios 120 Jad3unit wanns
NAABUNTLYDITTUUNUIY szuufianawsiugilunisnsadunislandiade 96.10% uazdldau
fissfumnudisnelosiaszuvaglusediu “anfian” (Auade 4.53 9 5) Tnslamnzludumiugniasues
mMsnsRdukazAMuTIASIluNMsIaUaUeY nanFIdeuandliliuil MsUssandldveila Deep Leaming
Taewawizluna Deep Neural Network (DNN) anansataewiindssansninlunisasiadunistaufimadv
Isigandumeadialungu Machine Learning uagiifneamlumsiiluimundueiesdlesuanuasads

lgeiasansniunmslainuuuiiaeinuaghivneiinuneuldogeiiuszdnsam

Arddsy: n1sdesiunishufiniedu, msdeudvenedes, Wseadueundinduiiv,
MnseFumsungn, Teyayuseding

" auniyienssugendwisuar ssuuasauma Anginenaaniuazinalulad an1fumalulagunuiu
? @193 imnsTuADLTILAeS AMEIAINTINATENT LN INESINYLT TR
KA, BLUA: tipaporn.sup@kbu.ac.th

R61  sarsivnismaluladdesiuussna TV 8 aUuil 17 / unsiau - dguieu 2569



Development of an Intelligent Web Application Firewall (WAF)
Using Machine Learning for Attack Detection and Prevention
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Abstract

This research Development of an Intelligent Web Application Firewall (WAF) Using Machine
Learning for Attack Detection and Prevention. The models used in this research consist of Machine
Learning techniques, including Random Forest and Support Vector Machine (SVM), and a Deep
Learning technique, namely Deep Neural Network (DNN). The system was trained and evaluated
using data from the CIC-IDS2017 Dataset and the OWASP Benchmark Dataset. The experimental
results indicate that the Deep Neural Network (DNN) model, which belongs to the Deep Learning
group, achieved the highest performance, with an average accuracy of 97.60% and an F1-Score of
96.65%, outperforming the Machine Learning models, namely Random Forest and SVM. The
developed WAF system is integrated with the trained model through a RESTful API and is
capable of detecting web attacks in real time, with an average response time of 120 milliseconds.
The system evaluation results show that the developed system achieved an average detection
accuracy of 96.10%. In addition, user satisfaction with the system was at the highest level
(mean score of 4.53 out of 5), particularly in terms of detection accuracy and response speed.
The findings demonstrate that the application of Deep Learning techniques, especially the Deep
Neural Network (DNN) model, can significantly enhance the effectiveness of web attack detection
compared to traditional Machine Learning techniques. Furthermore, the proposed system shows
strong potential as a cybersecurity tool capable of accurately detecting both known and previously

unseen web attacks.

Keywords: Web attack prevention, Machine learning, Web application firewall,

Intrusion detection, Artificial intelligence
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' from sklearn.= import RandemForestClassifier
5 import joblib
6
T ¢ datwdoyalaul (1 = attack, 0 = normal)
B data = {
9 "payload_length”: [10, 50, 100, 20, 5, B0].
10 "contain 1% [0,.1,1.0,0.1];
11 "contains_script®*: [0,0,1,0,0,1],
12 "label®*: [0,1,1,0,0,1]
13 1
14
e | df = pd,DataFrame(data)
16 X = df[["payload length®, "contains_sql", "contains_ script"]l
1 y = df["label"]
18
19 X _train, X test, y train, y test = train test splir(X, y, test_size=d.3, random states{2)
20 model = RandomForestClassifier()
21 madel. rFit(X_train, y train)
a2
23 print("Model Accuracy:™, model.scor=(X _test, y test))

25 & vufinluwa
26 joblib. dump{model, "waf model.pkl™)

JUN 1 fpgans@isulusunsy a1w Python (Flask) dmsulaea Machine Learning
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A157197 1 NaveINIsHan1ageuUsEansnmvedluina

danasfiu Accuracy Precision Recall F1-Score ROC-AUC
Random Forest 96.25% 95.80% 94.10% 94.94% 0.978
SVM 91.40% 89.50% 90.10% 89.80% 0.942
DNN 97.60% 96.90% 96.40% 96.65% 0.986

ﬁ]ﬂﬂm‘i’mﬁ 1 NANITNAADBY ‘W‘U'j'ﬂlluﬂa
DNN (Deep Neural Network) flussansaingsan
ImeleiAn Accuracy w@e 97.60% wazAl F1-Score

Wiy 96.65% Faganinluiaadusdrataiau

A A o '

WP UdUAIULANA1IYDIUTEANTAINTZ NI
luwna gi3delaviinisvaasunisadfnields
One-Way ANOVA iitei3suiiisuaiadsves
Fra¥aUszansnmsewinalana Random Forest,
SVM wag DNN 91nKan1snnaaunyInauseansnm
voslutnadalruunnmnedueg19dded gy
NEBRTISEHU p < 0.05 UBNANHAIINTIATIE

Wigulleusioaiiaiueie t-test ioguduin

1%

Tuimna DNN Tiinadwsnaninlunaduedaiideddgy
fatulun1simunszuu Web Application Firewall
(WAF) 9323z 9uldeiidadonldluina DNN

< v o @ @ = s
Wulumandndmsunsasiadunislandnialeiues

2. HANITYTUINITIULABAUTEUU WAF

(System Integration Results)

laaa Machine Learning gnusainnisidn
ffUT¥UU WAF Dashboard ﬁﬁwmiugmwm"m
weundLatu TnefinmautRdad

1. 5¥UU Backend Waiwlagld Python (Flask)
vi’mﬁ']ﬁ%’wﬁaga Request 91nLAUuBUNALATY
e wardaruluwa Machine Leaming e
pIGEREA

2.5¢UU Frontend Waiw1laeld React +
Tailwind CSS LiBLAAIAIULYDINITATIVTULUY
Sealng

3.ﬂ'1ilf?'iam'a%agaizmwmu ML Model
way Dashboard ¥inu1u RESTful APl Tagdiinan
waglun1sneuauss (Latency) Hies 120 fiad3undi
#9 Request ﬁﬁgﬂﬁ 2

INTELLIGENT WAF SYSTEM

CLIENT
WEB APPLICATION

Backend System
~—] Python (Flask)

Frentend System

ML Model

{Andomy Detection)
=
O

React + Tailwand CSS

Key Features:

* Real-time Threat Detection

* Python (Flask Backend: Request Processing

* React + Tawlind CYSS Fortetand: Live
Dashboard Dashboard

* RESTful APL; Data Communication

Benefits

* Enhanced Security

* Protection Against Zero-Day Attacks

» Improved Accuracy (Reduced FPs/FNs)
* User-Friendly Monitoring Dashboard

3U# 2 uansan1Unenssuseuu Web Application Firewall (WAF) §aa3eild Machine Learning
lunsasradusaziesiunisland
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SyUU WAF Aiannladeed 3. 5z UUIAAFDU (Alert System) Tnelanua
1Lamnsonsradunslauffifatuuvy  Tusssvedaluguuuuanussfuamuguuss
Gealnilld (Real-time Detection) 4. szvvannsnseuideyalniladnluds

2. amnsaduunUseianvesnslanf (Attack  (Incremental Learning) tiou3uussussansam
Classification) 191 SQL Injection, XSS, RFI, CSRF,  13n31adu fagudi 3
wazdnd (Normal Traffic) [9]

WAF dansuy =
{laefiussn Machine Leaming = ANTTTUL Wl douasruy
waruafasiuy WAF §2atuy — amususimsians
i m drdooua / ui ufianu HAWINAW ﬂ‘l'ﬂl“\l'Nﬁﬂ‘l{Hlﬂ‘u
+  msudadiou 1,254 42 3 120 ms
«  damIng
wnThhmrfinuavnmsanady msudoifauaran
¢« msfAn ML
e SQL Injection .
. Eal'tall] 104.2.21 « 2 wvilflusy
o do [uwunil: Avdasuaaual) ;,‘; mlﬁs‘wud, b
User-Agent unaodu "
192.168,1.9 + 30 witlusia
aplTuea
wialuna Precision / Recall Pniran
Random Forest (ensemble) 0.96 /0.92 18 n.u. 2025
5U#1 3 mi9e Dashboard s¥uU Web Application Firewall (WAF)
daa38e9ld Machine Learning lunsnsiaduuazUesiunislauf
3. Nan15UseIUUTZANS AN ITZUY nslauflaegeuiug 1de 96.10% lagianiy

daneaaussuumeyadoyadnaseain  n1slaud Uszian RF uag SQL Injection dadu
n15lau@ase (FIu3u 10,000 5189019) FaM1319 JULUUTINUUBEUSELAN RFI Wag SQL Injection
7 2 INHANIINAGEUNUINTEULANNSanTIady  Faduguuuuiinuves
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A1519% 2 wan1sUsEliuUIEAVEA NT05EUU Web Application Firewall (WAF) 9aa3ug#ild Machine
Learning Tun1sasradunaz tosiunisland

Usznnnslaud IuuiinsRduldgndes | ducunavan | dnsiadugnsies (%)
SQL Injection 1,950 2,000 97.50
XSS 1,890 2,000 94.50
RFI 1,970 2,000 98.50
CSRF 1,860 2,000 93.00
Unf (Normal Traffic) 1,980 2,000 99.00
FIULRAY 96.10
4.wansusziunsldauvegly « WY T LaZERUATTUY 9113 5 AU
n1sUseiliuaduianalavesldvinlaely Han1s3tAsIziaAIAuianelaagula
WuUaBUnIY 5 526U (Likert Scale) Aungusiegns  den15199 3 Tagwani1susziluwanaliiiiugi
30 AW Usznausme dlidanuianeladesvuvlusedu “uniian”
- Unfinw I 15 AU TAgLaNIZAIUAINYNABIVBINITATIATU (4.67)

« PNEHREINYAUTTUUATONY WU UAZNITAOVAUBIYBITEUY (4.61) Tedududls

a &

10 AU UsEANSNINU09I5EUU WAF 89asasiinaunlan

M19199 3 Wan1sUsEiugldanu

Y o .4 —=. | dudsauuannsgiu . -
ATUNITUTLLAU ARay (X) SZAUAMUNIND TR
(s.D.)
1. A2NAQNABIVDINITATINIU 4.67 0.45 WINTgA
2. anuazantunsldauszuy 4.55 0.52 NN
3. NMSUAAINAYDILAYUDIA 4.42 0.49 1N
4. ANULEDYTVDITZUY 4.38 0.54 N
5. NSNBUAUDIVDITZUU 4.61 0.47 WINAgn
' a o
ANRAYTIN 4.53 0.49 unNga
S‘ﬁiﬂwanqswﬁuuqnqwsqu mﬂizawﬁmwgamﬂmma Random Forest whag
NNANISNaassausaasuledn SVM lunndiginseuuanunsansiadunislaud
9

1.Tutea Machine Learning fnvay  meduldmeanuuiugiade 96%

ﬁqmﬁa DNN (Deep Neural Network) &sls
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2. NSABUAUBIVDITEUULSINGT WAF LU
Rule-based Laiuuseuas 25-30%

3. gldfianudianelalaesineglusyduiin
fign (Aade = 4.53)

Wil Tuima Deep Neural Network T#
KadwsAiAnd Random Forest way SVM Liedain
1A53a5199991AT3918UTE M UTIANEINITA
Boudzuuuuvesteyaiiiianududounas g
lafndn Tnsianigguuuureanginssunislaud
naduiignidnvagnainnatouazildsuulas
AABALIAT WON1NT DNN faarunsaseus
ANuENTuSIdAnvesguinvedeya (Feature
Representation) Humateduzesiaseng vl
aunsadnungluuunislandidousgludeya
¥uaiugBetu luvausit Random Forest uay SVM
anafidedndnlunisiseuinnuduiusvedoya
fidudousnn

ndedunnfinan uansliiuinlung
DNN flaumngandmsumsinluimunifuszuu
Web Application Firewall (WAF) §9a3uy ifieifia
Uszdnsninlunisnsiraduuazlesdunislaus
nulueslangrediusza@nsam

4. ¢85
aAUTENALALATUNANITIVY
A15aAusIeKa (Discussion)

91l nguarasnistanTE UL Web
Application Firewall (WAF) SaaSusdild Machine
Learning Tunsnsiadunazdesiunislauid wudu
woundind Tagldnasail

L.UszAnSanvasluinanisifeuivag
1309

nsnageuUsEanEanvesliaan1sReu;
¥9a1A399 3 JULUU WUt Tuiaa Deep Neural
Network (DNN) fisg@nsainasan Iaglan
AUgNFBs (Accuracy) Lade 97.60% wazAn

F1-Score ﬁ 96.65% %qqdﬂdﬂmma Random Forest
way Support Vector Machine agsfiadnfigy
wadwsatfuayuaunfigiufiin Deep Learning
fiaruanunsafinannitlunisiasizinazsuun
sUMUUN59T9sTIFuUTeuUazinUAR (Anomaly
Detection) yadeyaitlilunsilnasu Uszneudie
foyaninym CIC-IDS2017 Dataset uay OWASP
Benchmark Dataset 33 250,000 578013 Fafins
TWowiietos
2. WAILILAZNTSTNIUVDITZUY
Asaualutea DNN W1dussuy WAF
anadumssiiuanilnenssuuuy RESTful API
lneflosAusenau Backend Wwu16ae Python
(Flask) wag Frontend @18 React + Tailwind
CSS WANTISNAGOUNITADUAUDIVDITEUUNUIN
fienAuming (Latency) wiewdfis 120 faddundl
s Request Fauanslififiuinsyuy WAF Sansexdl
ausasiunsnsiadunuuiBsalndls
15Uzl sEansnmuesszuulagsiu
WU SEUUEINNTaRTI9TUNslanflaog19lsiue
\dy 96.10% lasianizegredinislaufisziam
Remote File Inclusion (RFI) (98.50%) wag SQL
Injection (97.50%) @ewansliifiudednenn
lunstaatudeananluseduneundinduldeodng
fuszanswa
3.mMsusziuauinalavasyldeu
Han1sUszluAuTianelannguiiegns
30 Ay wandbidiudglddaanufisnelasessuy
Tusedu "unilan” TaedAedesin 4.53 a0 5
Tneanizognedasu ANYNABIVDINITATITY
(A0dY 4.67) AT NIMOUALBIVDITZUU (A1aGY
4.61) nadwsHEuduIIn1sth Machine Learning
wldldifsausifinanuauisananaialunis
75799V wadedanalrszuuivsyansninnisltanu
Tunmsrudidniunisiuveadquassuunas

'
a

AW IsyinuauUaensy
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dyuna

TunsWaiunszuu Web Application Firewall
(WAF) §9a3ee7l4 Machine Learning Tunsasiadu
wazdosfunislond deiideuszyndld Deep
Neural Network (DNN) lunalnudnlunisiiasest
NOANTIUAIS09ve (Request) Lazns197uNITlaNs
mMadu

1.Yunadfivanzauiiga: WWuluiaa DNN
fluszanSamdiang lunssuunussannisiaud
Tnefinnuusiugniads 97.60%

2.Us£BNBATNYRISIUY: STUUTIWRILATY
Hauaunsalunisesradunislandnadulame
Pl RRElaeTIY 96.10% warilnaineuauss
fismi3) (Latency 120 fiad3unil)

3.A1588u5usTUUYg e fldau
finufiawelalassusieszuulusedu "uinilan”
(Aede X = 4.53) asUin msiauszuy Web
Application Firewall (WAF) 8aa3ee#ildf Machine
Learning Tun1smsiadunazUasiunislauf
Fmunduilfidnenmlunisdundedledeaiy
auvaeadensleiuesiiussansamds awnsa

asadunslauAnidnuasilidineddnunneu

Forauouuzlunsiendedely
L.a1stasudszansnainvesluna: A5l
nsdsranislimadia Deep Learning fidudou
897U wWu Recurrent Neural Network (RNN) e
Transformer WleU3uuganuaansalunsias g
BeUSunwes Payload fiflnnuemuasdudou
2.msufulseyadaya: Asiin1ssIUTIL
yadoyafinsounguiUiuumslandasislvsiuay
g‘ULL‘U‘U Zero-Day Attacks ﬁwmﬂwma?jﬁu
saudan1suinnaia Active Learning unldiiie
UiuugssedvBnmmisiBouivesinnaegisdeiiles

3.n15Uszgndldauase: asiniamaaeu
58UU Web Application Firewall WAF Tugnw
WINABUNITYINIUA3Y (Production Environment)
WeUssdiuanuades (Stability) wagaNUaIUIT
Tunsusuaun (Scalability) MelAUILIUN1595195
s
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